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‘ Analog computing com- 

. ° . f ponents. Sine-Cosine 

gives you faster, more efficient solutions mechanism is one item 
of a complete line. 


to computer-control problems 


ELECTRONIC 


» Electronic devices for 
analog-digital computer- 
controls. The dual flip- 
flop is a typical example. 
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A complete line of mag- 
netic amplifiers, mag- 
netic decision elements 
and other magnetic com- 
puter components. 





FOR EXAMPLE: 


Librascope’s Sine Wave Generator was designed for a 
major oil company. It is used to determine transfer 
functions of components in automatic control systems, 
and to define the physical properties of existing plants 
to which control systems are to be added. We solved 
this problem in minimum time and at moderate cost. 
If your industry requires equipment for computing or 
controlling designed around your individual problem, 
investigate Librascope’s techniques. 


Engineers in search of interesting assignments, security, : | B RAS CO p [ 
advancement — contact Dick Hastings, Personnel Director, . 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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This problem is typical of one you would run up against 
in the electric power industry. But if your business is 
not electric power—then change the control prob- 
lem illustrated above to one facing you in your 
plant right now, inject your own variables! 

For our point is this: 

GEDA can expedite the analysis and solution of 
difficult control problems facing ANY industrial 
operation. 

The particular application makes no difference to 
this versatile analog computing equipment of 
advance design, engineered and built by Goodyear 
Aircraft Corporation. 


Its advantages are many, as a host of development 
engineers already have been quick to discover. 


For sheer ease of operation it is unexcelled. GEDA 
delivers results in wave forms and voltages—easily 
translated by the engineer, no specialized mathe- 
matics needed! 


Noted for its accuracy, the GEDA stabilized elec- 
tronic multiplier is the acknowledged leader in its 
field—all GEDA plug-in units are automatically 
and continuously stabilized. 


Why not investigate the amazing 
scope, capacity and benefits offered 
by the computing line of advanced 
design—GEDA, built only by 
Goodyear Aircraft? FREE CATA- 
LOG ON REQUEST — Address: 
Goodyear Aircraft Corporation, 
Dept. 931GB, Akron 15, Ohio. 


GEDA -— bes: way to give a hunch a chance 


GOOD/YEAR AIRCRAFT 


GEDA-—T.M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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Operating costs cut, efficiency up 
when Magnolia adds Hammarlund COC” 


rer “ eee 
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. To build a new truck-loading terminal out- 
The Problem: side the congested refinery tank area. 


The Multi-Gate system made unnecessary 
the use of an additional man during truck- 
loading operations. 


Vita 
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The Magnolia Petroleum Company planned to build 
a new truck-loading terminal at its Beaumont, Texas 
refinery. They wanted it built outside the congested 
tank area. 


Separating the truck-rack from the tanks and pumps, 
however, would make it necessary to add an additional 
man per shift. Also, the operations at times—especially 
in bad weather—would have to wait for this man to 
move from one pump location to another. 


After installing the Multi-Gate remote control 
equipment, designed and furnished by Hammarlund, 
the truck-rack operator now has only to push a button 
corresponding to the type of fuel required. The remote 
pumps at the tank sites are activated and the required 
fuel is immediately obtained at the truck-rack. As a 
result, it was unnecessary to employ the additional 


*Trademarks pending on Centralized Operations Control and COC. 
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The Answer: A Hammarlund push-button control system 


for turning the remote pumps on and off. 


A Second 
Benefit: 


These pumps at the tank site are controlled 
instantly and accurately from the loading 
terminal. 








man per shift, and it also eliminated the possibility of 
human error in telephone orders. 


According to John Petkovsek, Senior Engineer and 
Supervisor of Communications and Electrical for Mag- 
nolia, other benefits of the Hammarlund system were: 

1) Audio tones made it possible to perform many 

functions using a single telephone line, thus re- 
ducing the monthly rental costs. And without the 
dangers of DC pulses. 

2) The system can be extended any time without 

additional communication lines, or it could be 


operated over radio or microwave without 
change. 


This is another example of the Hammarlund con- 
cept of Centralized Operations Control* at work. 
Write to Hammarlund, 460 West 34th St., New York 
1, N. Y. for details on COC. Ask for Bulletin CC-6 
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SHOPTALK FROM EDITOR TO READER 


BILL VANNAH NAMED EDITOR 


With this issue, William E. Vannah becomes editor of 
ConTroi ENGINEERING. Bill attended Bowdoin College for 
three years before transferring to MIT in 1940. After almost 
four years with the Chemical Warfare Service, he returned 
to school and in 1946 got his BS in Mechanical Engineering. 
Bill then turned to automatic control. He took postgraduate 
work in the Electrical Engineering, Mechanical Engineer- 
ing, and Aeronautical Engineering Departments. And after 
he got his MS in 1947, he worked the better part of a year 
in MIT’s famous Servomechanisms Laboratory. 

Prior to his arrival at McGraw-Hill last June, Bill was 
with The Foxboro Co., doing research and development in 
control- -system engineering. 

Why did Bill, a eminently successful young engineer, 
switch to publishing? He admits that he has a missionary 
zeal. Only through a serious engineering journal could he 
fully satisfy his desire to help coordinate the efforts of our 
growing profession, control engineering. 


DID REUTHER SPEAK FOR ALL LABOR? 


CIO president Walter Reuther has formed his opinion of 
automatic control. In his annual report to the recent CIO 


convention in Los Angeles, he warned fellow labor leaders 
that it could menace the working man. And he exhorted 


them to watch out whenever a machine threatens to replace 
aman. Officially, Reuther is spokesman for a major segment 
of the labor movement. But in the final analysis, labor’s atti- 


tude toward automatic control is a composite of the ideas of 
many men. So we wrote to and interviewed leaders of most 


of the nation’s important unions. In this issue we've assem- 
bled their replies; see “Industry’s Pulse” page 23. 


MAMMOTH, STUPENDOUS, SUPERCOLOSSAL 


If our editorial headquarters were in a certain glittering 
Los Angeles suburb, these are the words we might apply to 
the talk that associate editor By Ledgerwood gave to the 
AIEE’s Chicago Section in November. On the topic “Elec- 
tronics in Control,” By prepared a 40-page outline, with 78 
slides. Skipping rapidly through this welter of ideas, he spoke 
for 14 hours. Seldom does so long a talk arouse much enthu- 
siasm. But By’s did. He has been urged to deliver it again 
and again by many other engineering organizations. It didn’t 
take Joseph Pulitzer’s cdlnariel acumen to realize that here 
was a subject of broad general appeal. ‘Therefore, starting 
on page 41, we publish a condensed version. 
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Series 155-A Series 10 


MS-25024-1 
Send for your free copy of the all-new Guardian Relay Catalog 
Number 11. Illustrations, dimensional drawings, full technical 


. descriptions and operational data charts combine to present the 
most complete relay line available from any single source! Write 
today for your free copy, sent post-paid. No obligation. 


GUARDIAN \G)ELECTRIC 


1623-B W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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Multi-Pole 
o Commutators 
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Precision, rotary, electro-mechanical 
switching unit with precious metal 
contacts for long life, low noise, trouble- 
free operation. Contact cleaning device 
extends life, permits low level switching 
in some applications, Multi-pole units 
with any number of contacts can be 
furnished. Switching can be “make 


before break” or “break before make?’ 


Will withstand 50G ac 
and operate 
at 10G vibra 
om 55 to 500 cps 
Level: Will. not 


eed 1-( of 


within 


full signal 
amplitude 


Motor driven model. DC 
governor-controlied constant speed 
¥Y to 1800 rpm., or 
speed varies linearly w/ 
applied voltage. Other 
drives available. 


FEEDBACK FROM READER TO EDITOR 


Who deserves credit? 
To THE Eprror- 

In reference to the article “Radar 
Simulates Sonar” published in the De 
cember 754 issue of Conrro.t ENGI- 
NEERING: 

1) Obviously the title of the above 
article was meant to be “Sonar 
Simulates Radar.”’ 

The implication is that the de- 
vice as described (is an A. M. & 
F. Co. development. Actually, 
it was developed more than ten 
years ago at the Radiation Lab 
oratory of MIT and had been 
used extensively as a_ Radar 
training device by the Armed 
Services during World War II. 

M. B. Karelitz 

Olin Mathieson 

Chemical Corp. 
New Haven, Conn. 


Concerning the “Sonar Simulates 
Radar” article in your December is- 
sue, I have these comments, which to 
my best knowledge, are accurate. 

1. The original development work 
on equipment of this sort took 
place in England, at, I believe, 
Telecommunications Research 
Establishment, during World 
War II. 
This original work was sent to 
MIT Radiation Lab which then 
pursued it, and eventually a 
trainer (AN/APO 13-T1A) was 
built by the Bell & Howell 
Company as a consequence of 
this work. 
Transducer Corporation, which 
later became the Electronics 
Division of AMF, continued on 
this work to produce the much 
more advanced trainer, | still 
based upon the original system 
but much refined. Some of the 
people who were concemed with 
the Radiation Lab work con- 
tinued at Transducer/AMF and 
at Wright Air Development 
Centre to be concerned with the 
AMF trainer. 

Some of the aforementioned was 


pretty adequately covered in my origi- 
nal article. I am sorry if any indica- 
tions existed in the abstract that made 
some of the original workers in this 
field think they were being slighted. 
J. E. Kadish 
American Machine @& 
Foundry Co. 
Boston, Mass. 


Information Please 


‘To THE Eprror 
In the November issue of Conrro1 
ENGINEERING you had an article on a 
set of plexiglas templates for use in 
plotting frequency response functions. 
Can you supply the address? 
John V. Carmody 
Hartford, Conn. 
Computing Aids manufactures the 
templates. Their address: 
471 Conant Road 


Weston, Mass. — Fd. 


Question .. . 
lo THE Eprror- 


Mr. Barber’s article on _ speed 
switching circuits in the November 
issue of Control Engineering was very 
interesting, but it raised a question 
in my mind 

Why is it necessary to retain the 
“coarse speed” synchros? It would 
appear that the “fine speed” circuit, 
followed by a suitable non-linear limit- 
ing network, similar to that shown 
for “fine speed,” would provide iden 
tical performance, resulting in a con- 
siderable saving in components. 

Worcester Bowen 
Temple City, Calif. 


and Answer 


Dear Mr. Bowen: 

In regard to your letter to the 
Editor of ConTroL ENGINEERING as 
to the necessity of retaining the 
“coarse speed” on a two speed posi- 
tional servomechanism, I think the 
introduction on the top of the article 
answers most of the questions. 

If the coarse speed synchros were 
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~<a, PANELLIT INFORMATION SYSTEMS 


Bok tte 4 


Panellit has made the complete Information 
System available now as a management tool for 
increasing dollar yield from present processes. 
With the Information System, you achieve 
complete, centralized control of your entire plant. 
You know instantly and continuously overall 
performance of your process. You know 
immediately of a process fault... where and how 
to correct it. You know continuously your 
process trends and yields, statistically analyzed 


and ready for management evaluation. 


Panellit alone -~provides all the essential control 
features today: 


Automatic Logging .. . at pre-determined intervals or ‘‘on-demand"... 

complete Panellit systems for over. 3000 variables have been in successful 

operation for years. 

A Usable Log Form .... arranged by processing units . . . @ practical aid 

to the operator for control and determination of process trends. COMPLETE CONTROL 
Continuous Monitoring .. . of all variables with an audio-visual signal 

plus immediate red-print, ‘‘off-normal’’ readout. 

Individual Off-Normal Settings . . . for each point; separate “high"’ and 
“low” settings ...a true guide for operation. 

Direct Accounting or Computation .. . data may be fed directly, without 
human translation, to calculators for automatic accounting or computors for 
“‘on-the-spot"’ efficiency and yield determinations. 

Flexibility in Application . . . capable of handling all 

conventional input signals: AC or DC, either linear 

or non-linear. 

Complete Systems Engineering . . . with impartial 

selection of instruments and controllers for entire 

control room. 





PANALARM 


Alarm and Safety Division 


PANASCAR PANELLIT, Inc. 


7461 North Hamlin Avenue 
Scanning and Deta-Reduction Division Skokie, Illinois 
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SINGLE 


SPIDER GEAR 
DIFFERENTIALS 


by FORD INSTRUMENT are 
7 ways 
superior 


AVAILABLE IN 
four sizes: 1/8”, 3/16”, 1/4”, and 5/16” 
shaft diameters 
FOR EARLY DELIVERY 


Ford Instrument’s single spider gear 
differentials are engineered to high- 
est military and commercial stand- 
ards ... to provide extreme accuracy 
in addition and subtraction, and in 
servo loop applications. 


1—High sensitivity. 

2—Minimal lost motion. 

3—Precision Zerol gears. 

4—Corrosion- and wear-resistant 
materials throughout. 

5—Minimum working diameters for 
compactness. 

6—Minimum weights. 

7—Rugged, long-life design. 


FREE a fully illustrated 
data bulletin gives per- 
formance curves and 
characteristics. Please ad- 
dress Box CE . 
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‘@ FORD INSTRUMENT 
COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument's standard lines 
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FEEDBACK 


eliminated, for each input position, 
the output would have n stable nulls, 
where n is the stepup gear ratio, re- 
sulting in n-] erroneous solutions and 
complete loss of synchronism. 
Non-linear elements can be used 
on the fine speed for amplitude modi- 
fications only, but will also null at the 
false nulls, unless biased accordingly. 
In that case, however, there will be 


no discrimination between the correct 
null and the remaining n-l nulls. 
In terms of the specific functions, 

the coarse synchros are used for syn- 
chronization, while the fine synchros 
are used for increasing accuracy and for 
expanding resolution. 

Basil T. Barber 

Sperry Gyroscope Co. 


Great Neck, N. Y. 





PROBLEM FORUM 


Among our 20,000-odd readers is at least one who will consult 
on your instrumentation or control problem. Put your prob- 
lem to your fellow readers. The most challenging problems 
and the cleverest solutions earn cash prizes. 


Problem | appeared in our Decem- 
ber °54 issue. THE PROBLEM: How 
to anticipate abrupt viscosity change 
in pipelines? 

A petroleum pipeline transports 
several grades of crude. ‘The schematic 
shows the throttling-control system for 
an unattended booster station. Vis- 
cous sour asphalt crude is passing 
through the station. A front of low 
viscosity sweet crude approaches the 
station, right behind the sour crude. 
Needed: a means of signalling that a 
front approaches and a rough meas- 
urement of the viscosity change. The 
measurement will elevate the control 
point (reference) of the suction pres 
sure ahead of the time that the front 
arrives at the pump. Conversely the 
measurement will lower the suction 
control point when the crude changes 
from sweet to sour. The reduction 
must take place so that the station 
handles the increased load without a 
motor-current surge or a_ precipitate 
drop in suction. 


A SOLUTION—Pay that man_ five 
dollars 

Place a gamma radiation source, say 
Cobalt 60, against one side of the 
pipeline and an ion chamber on the 
other side of the line; the entire sec- 
tion being then insulated with lead 
to a safe gamma count. The output, 
taken through a stage of electronic 
amplification, is then proportional to 
the density of the material passing this 
pipe section. Ohmart Corporation of 
Cincinnati, Ohio, makes such a unit 
commercially—giving you an electronic 
output roughly proportional to the 
density of the product passing the 
pipe section. One assumes the tem- 
perature will not vary enough to affect 
the degree of accuracy wanted from 
this telemetering unit. 


You will thus have a signal of an 
approaching front AND A MEAS- 
URE OF THE CHANGING DE- 
MAND ON INFLUENT PUMP 
PRESSURE during the establishment 
of a new point of equilibrium. 

If the desired rate of flow through 
pipeline booster is predetermined and 
the linear velocity of the approaching 
front is thus subject to calculation, 
then the distance between pump and 
the suggested telemetering unit can 
be chosen so as to give the desired 
anticipation in time. I would be per- 
sonally inclined to feel that this antici- 
pated time interval should be a func- 
tion of the mechanical response delay 
of the controller-motor servo. Within 
the limitation of this response factor, 
the telemeter signal for more or less 
pump influent suction pressure should 
be as close in time to the change of 
suction pressure as is practical. Thus, 
a continuous relation between “pump- 
ability” and pump suction pressure 
will exist before, during, and after 
the arrival of a new viscosity front. 

In view of the probable non-New- 
tonian viscosity aspect of heavy sours, 
I would suggest that the telemeter 
signal arising from gamma absorption 
be empirically studied with relation 
to required pump suction pressures for 
the requisite flow and the telemetering 
circuit output thus becomes an empiri- 
cally based demand curve related to 
“pumpability” and not necessarily 
“viscosity,” per se. Thus a new curve 
could be extrapolated for any desired 
change in the booster station flow rate, 
and be incorporated in the controller 
circuit. 

F, L. Avera 

Rosefield Packing Co. 

Alameda, Calif. 
“Pumpability” is an appropriate word. 


—Ed. 
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BS&B Sales Offices for CLIMAX CONTROLS 
deaa Stocking Points for CLIMAX CONTROLS 
@ Representatives for CLIMAX CONTROLS 


... Serving Industry In The Americas! 


i 


For Your Convenience 


i No matter where you are located in the United 
States, Canada or the Latin American countries 
conolvewes . .. these BS&B Climax Controls sales and 
service centers are prepared to give you fast, 
efficient and convenient service on the finest 
(ay in automatic controls for the regulation of 
pressures, temperatures, liquid levels and flow. 
a. From these centers, including 40 strategically 
located warehouse stocks of Climax Controls 
and parts, Climax sales engineers are quickly. 
available to render service on existing equip- 
ment or to help you plan new installations. For 
additional information or a Climax Controls 
catalog, contact your nearest Climax Controls 

As Sine oparelh aga 
Regulators 


LACK, IVALLS& RYSON,INC. 


Climax Controls Division, Dept. 4-ES2 
7500 East 12th Street 
Kansas City 26, Missouri 
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VALVE 


POWER 
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MODEL 117-C TRANSMITTER AMPLIFIER MODEL 122-120-B ROTARY SERVO ACTUATOR 


PEGASUS Model 118-B Position Transmitting System 


The Model 118-B Electro-Hydraulic Servo System is typical 
of the “packaged” system offered by Pegasus. 
The potentiometer position voltages on the two compo- 
nents are subtracted electrically, and the difference, greatly 
amplified, strokes the force motor in the servo valve. The 
force motor, in turn, strokes the valve spool through a 
hydraulic boost system. The metered oil flows to the vane 
actuator, and maintains the potentiometer position difference 
to within the specified accuracy. The result gives a rigid, 
accurate, high force level output from a low level mechanical 
or electronic input. 
Pegasus has various combinations of such systems: let us ; 3 
quote on your difficult power control applications. Sone TEP eanneier Aangtiier 


SPECIFICATIONS 


Operating Pressure 200 to 3000 psi 
NN a Ge ad a sd wee he ed ane +90 degrees 
RMI (< aiw.einis.a.daimmae Salas anaiatee .65 #-in/psi 
Electronic Input +20 volts 
System Natural Frequency 

Output Accuracy +.2 degrees 
Output Rigidity 7,800 #-in/degree 
Maximum Rate (1000 psi) 12.5 Rad./sec. 
Actuator Weight 9.5 pounds 


Model 122-120-B — Rotary Servo Actuator 


EGASUS LABORATORIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 


DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


~~ a q) & 


Model 121-A Model 122 Model 123 Model 127 Model 117-C Model 108-E 
Power Unit Vane Actuator Ram Actuator Power Valve Amplifier Amplifier 








10 CONTROL ENGINEERING 





SIBYL ROCK 
puts digits to work 


Computers impress the layman with their appar 
ent complexity. ‘Their description as “brains” makes 
him fear for the dignity of man. But a chat with 
mathematician Sibyl Rock is enough to reassure him 
that computers are really simple and that they are 
our servants, never our masters. In 1954, Sibyl 
travelled over 30,000 miles to explain digital com 
puters to engineers, researchers, and administrators 


in industrial processing plants, to guided missile 
centers, 


engineers, to educators in our university 
and to the uninitiated public. She finds that explana 


tions in terms of everyday phenomena make the 


computers understand: ible by all. 


She turned to computers 
to part the paper curtain 


A native of Butte, Montana, Miss Rock carve | 
her BA degree in mathematics and a Phi Beta Kappa 
key at the University of California at Los Angeles. 
I'hree years as a geophysicz il computer for the Rieber 
Laboratories led to a similar job with Herbert Hoover, 
Jr..s United Geophysical Corp. Shortly after United 

rte i sical y ey off Consolidated Engineering 

Corp. in 1937, Sibyl joined Consolidated as a research 
associate, specializing in mass spectrometer applica- 
tion to the chemical, petrochemical, and petroleum 
industries. We suspect that after vears of plowing 
through geophysical and spectrometric data, she tired 
of the dull manual computations and looked for a 
way to part the “paper curtain.” With relish, then, 
she took to the task of translating mass spectrometer 
data for Consolidated’s embryonic computer. ‘This 
led to application of the developed computer to frac 
tionating tower design, refinery production schedul 
ing, and processing of data from seismic and mag 
netometer prospecting. 


Sibyl exhorts girls 
to take up engineering 


Sibyl has learned that there is plenty of opportun 
ity for women in the engineering professions. In 


frequent speeches to school and college groups, she 


urges able girls to take up mathematics as their life 
work. Her career demonstrates the rewards of abil- 


a 
CONTROL 
PERSONALITY 


— 


Her weary digits rest while the machine’s tireless digits reckon 


itv. When ElectroData Corp. was established in 
early 1953 to carry on Consolidated’s computer 
activities, Sibyl became its first woman sales engineer. 
Recently she was named a senior sales engineer. 
Now she hardly finds time for her hobbies of color 
photography and high-fidelity audio between air 
borne sales tours. 

She is a member of the American Chemical So 
ciety, the Mathematics Association of America, hon 
orary mathematical society Pi Mu Epsilon, and the 
Association for C omputing Machinery, of which she 
is the Southern California chapter chairman. Active 
in civic and community affairs, she has been a Girl 
Scout Leader and has been prominent in Pasadena’s 
League of Women Voters. Among her numerous 
technical articles, one co-authored with the late 
Martin Shepherd of the National Bureau of Stand- 
ards deals with mass spectrometer analysis of—of all 
things in Pasadena—smog. 
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WHAT'S NEW 


Prophets Polish Crystal Balls at Turn of Year 


Forecasters look ahead toward 


1955 and beyond. But announce- 


ments of five remarkable new de- 


velopments 


vividly. 


New Year 1955 came up with its 
share of revelry, bowl games, and, like 
any other year, prophecies both hope- 
ful and dire. Forward-peering men 
saw immense expansion—also some 
pitfalls—for American — technology. 
And four major technical develop- 
ments, announced near the turn of the 
year, emphatically punctuated their 
thoughts on the future. 

Output per man-hour, and along 
with it buying power, will more than 
double by 1975, predicted Dr. Haldon 
A. Leedy, director of Armour Re- 
search Foundation. Criticizing the 


outline future more 





EXCITING RADIATION 


CONDUCTING METALLIC FILM 


LUMINESCENT ZnS LAYER 
CONDUCTING TRANSPARENT FILM 


METAL ELECTRODE 


GB ica spacer 


CONDUCTING PASTE 


GLASS BASE 


VISIBLE EMISSION 


How GE’s long-awaited light amplifier works . 


conservatism of other seers, Leedy 
pointed out that even in the face of a 
slight business recession research 
spending increased in 1954. 

Leedy went on to pinpoint areas 
where advances will be immediate 
and rapid. Printed circuits and tran- 
sistors herald a trend toward longer 
lived electronics equipment, he said. 
Automatic data processing will break 
business office bottlenecks. Human 
engineering—fitting man to machine— 
is another field that will have a fresh 
burst of activity in 1955. And, he 
ventured, “It is not improbable to 


guess that this generation will live to 
use the electrical power and myriad 
other benefits derived from wide- 
spread nuclear reactors.” 

Going Leedy one better, John J. 
Rudolf, supervisor of automation for 
Minneapolis-Honeywell, declared that 
within a decade the U. S. will be con- 
suming products at twice the present 
rate—with an “available work force” 
11 per cent greater than today’s. 

The McGraw-Hill economics de- 
partment, in its off-hand but often 
precise annual “punchbowl predic- 
tions,” foresaw a settling down to a 


Other yearend marvels were ICC’s tape-controlled milling machine and IBM’s impressive Norc 
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and a sample of its success: receives dim picture (right); reflects bright one (left) 


“long period of relative peace and 
prosperity.” ‘The current upturn in 
business, the economists guesstimated, 
will be maintained through 1955, 
although “‘some sogginess will develop 
toward the end of the year.” 

Midst the talk of more and better, 
Dr. Clifford F. Rassweiler inserted a 
somber tone. The vice-chairman of 
Johns-Manville Corp.’s board warned 
the U. S. is starving the inventive 
mechanism that buttresses national 
strength. We aren't training enough 
scientists and engineers, he said, nor 
are we paying them as lavishly as the 
Russians do. He urged stronger finan- 
cial support of science and engineer- 
ing departments in universities, higher 
salaries for professors, and more 
scholarships and fellowships for stu- 
dents. 

More dramatically than the wisest 
technical achievements 
demonstrated progress. Five of them, 
announced at the turn of the vear, 
made up a startling montage of things 
to come: 
> General Electric scientists came up 
with the long-anticipated tubeless light 
amplifier. GE scientists at Schenec- 
tady, N. Y., research headquarters 
showed off a new screen that amplifies 
ten-fold the light projected on its sur- 
face. (For results and for how it 
works, see cuts on this and opposite 
page. ) 

Dr. C. G. Suits, GE vice-president 
and director of rescarch, pointed out: 
“Discovery of this light amplifier may 


of words, 


be the clue to achieving picture-on 
the-wall television screens.’ He added: 
“There may eventually be many prac- 
tical applications of the light ampli 
fier, but it is no more possible to pre- 
dict these with certainty now than it 
would have been to foresee the extent 
and ramifications of modern radio and 
television when the first electronic 
amplifying tube was invented 50 years 
ago. 

> Computers reached a new plateau 
of speed and capacity with the un- 
veiling of IBM’s Norc. The big com 
puter—named for Naval Ordnance 
Research Calculator—is destined for 
the Naval Proving Ground at Dahl 
gren, Va. 

Able to perform 15,000 complete 
arithmetic operations per second, 
Nore will handle problems so com 
plex and lengthy that practical scien 
tists and engineers have never before 
dared try to solve them exactly. An 
example is the cavitation problem, re 
garding the irregular and often turbu- 
lent film of air that encases propellers 
and other objects moving through 
water. This may involve many billions 
of computations. But it is important, 
for on cavitation may depend the 
working of fin and rudder surfaces of 
underwater missiles and submarines. 
> Digital control techniques for ma 
chining moved a notch closer to small 
plant practicality with a new system 
now quictly under test by Industrial 
Controls Corp., Chattanooga. Whilc 
the initial application is three-dimen 


sional control of a milling machine, 
the bas components 
have been designed so that they will 


: : 
hit most machine tools fo1 


yvstem and it 


i1utomatic 
operation 

Elements of the new system func- 
tion like those directing the heralded 
MIT milling machine—but cost of 
the ICC assembly has been cut to 
about $30,000 by some neat simpli 
fication lor 
movi 


example, a 35-mm 
film and photocell scanners 
supply the precut taped information, 
clectronic powering clements are held 
to small-cabinct minimum, and final 
control effectors are simple step 
motors that move in pulse-fed incre 
Yet despite the simplicity, 
gearing accuracy has been demon 
strated to 0.001 in., with 18 in. of 
tape nudging th 18,000 
steps per minute. 

> Atomi moved — officially 
into a third field of transportation. 
In addition to the submarine and th« 
contemplated airplane, the AEC and 
the Army will sponsor a 
nuclear railroad locomotive power 
plant. Low bidder at $2,096,753 is 
the American Locomotive Co. ‘The 
design will be based on studies mad 


by the Oak Ridge National Lab 


orator 


ment 


motors at 


energy 


jointly 


American Locomotive is supposed 
to turn out a power plant made of 
components transportable by ait 
Ihe prototype will be built at Fort 
Belvoir, Va., site of the Army Corps 


| 
of engineers ‘Training Center 
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> Perhaps the most basic, certainly 
the most digestible engineering inno- 
vation at year’s beginning is Gus 
Ehrenberg’s hamburger machine. 

Think of it. Continuous conver- 
sion of nondescript minced beef and 
cold rolls into savory, greaseless, 
toasted gems—and the works sinewed 
by a Brown Instruments synchronous 
motor through an ATC interrupter, 
with 6-second cycle adjustment. 
Cooking continuously, it broils six 
hamburgers per minute. 

Experts foresee a profound effect 
on contemporary design in this new 
machine. Actually, it’s a compact, 
handsome affair, reflecting the con- 
trol engineer’s yen for miniaturiza- 
tion. Aside from its standard com- 
ponents, it features a continuous 
patty transfer mechanism, 1,000 deg 
I’ thermodynamics, hydraulic grease 
flushing, and an expanding quartz 
crystal transducer to trigger its tem- 
perature-control system. 

Gus’s_ preoccupation with ham- 
burgers took spare time during six 
years of far-flung field jobs for Minne- 
apolis-Honeywell’s application engi- 
neering department. One of his 
recent projects, for example, was 


o~ 


Gus’s finger points to hamburger loader 


designing and installing the com 
pany’s test load and frequency-con 
trol system at Denison Dam in the 
Red River country. 

Says Gus of this job, “At times 
we controlled 1,000 megwatts of 
power—practically the whole state of 
lexas—with 80 megwatts of hydro, 
and held frequency within 0.03 
cycles. During this run I got my 
idea for the hamburger interrupter- 
circuit fooling with a dam rheostat.” 


HOT AND HASTY: This new materials-handling equipment routes 
up to 60,000 lb per hr of steel through a 1,650-deg-F normalizing 
and annealing furnace. Designed and built by York-Gillespie Mfg. 
Co., it is installed at Jones & Laughlin’s Alliquippa, Pa., works, 
where it handles high-strength pipe for deep oil wells. But it can 
do the same job with solid rounds. To insure even heating, skewed 
rollers rotate the steel as it moves through the furnace. Big advan- 
tage is that it permits fully-sealed hearth in conventional furnace. 
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Chicago to Install New 
Downtown Traffic Control 


Motorists who swarm through Chi- 
cago’s busy Loop are due for a break. 
They'll get one when the city installs 
a new General Electric radio-controlled 
trafhe light system. 

Traffic engineers deplore the steady 
cvcle light as, at best, an expedient 
evil, tolerable only because it is simple 
and cheap. The trend is toward stag 
gered lights that let a car move the 
length of a street without stopping, 
and beyond them to programmed 
lights that change lights according to 
trafhe demand. 

The new Chicago system will trans 
mit tone signals from the top of the 
Board of Trade Building, the citv’s 
loftiest skyscraper. A receiver at each 
intersection (thirteen to be controlled 
at the start) will pick up the signal and 
act accordingly. In addition to alter 
ing a light’s program (length of red, 
vellow, green), the signal can make 
the light manually operated. Thus it 
can cope with changing traffic flows in 
rush hours or bad weather, and it can 
take drastic steps to clear up trafhc 
jams. 

The svstem, first of its kind, will 
cost $34,000 for the initial installa 
tion. It should be operating before the 
middle of the vear. 


Computer Logic Attains 
Awe-Inspiring Height 


Norc’s claim to being the world’s 
smartest computer (see first news 
storv) must overcome a fresh challenge 
from Seac. The National Bureau of 
Standards claims its machine can actu 
ally analyze bids on Government pro 
curement contracts. Seac has per 
formed this superhuman feat on 
contracts for several million dollars of 
soap, paper. insignia, etc. 

Linear programming enables th 
machine to choose the bids most eco 
nomical to the government. In making 
its choice, Seac must allow for such 
considerations as these. Different 
freight costs from factories to depots 
enter significantly into cost. Each 
manufacturer generally modifies his 
bid according to the amount he will 
have to provide and also stipulates the 
maximum amount he can supply and 
the minimum amount he will be will 
ing to provide. The law requires a 
true minimum-cost analvsis that takes 
into account how much each bidder 
should furnish and to what depot he 
should ship his share of the contract. 





Would modern electronic equiggment really 
prove a company’s operations... 4 


decrease its costs? 


PO ae 


If so—where®% To assist managements in answering such 
\ 


‘ : ; questions, The Ramo-Wooldridge Corporation 
In production control 2 Payre f accounting ? f through its Computer Systems Division, offers 
onze . * Si 5 to business and industry the consulting services 

Customer billing? \ i of a team of Aan taeidaaaios Ee business 
Factory automation: hae tt ialeleMelale MM olcela-tellle- Molle halt ME-b fel-tal-lala-te| 

aa in the application of modern analytical and 

machine methods. With no equipment of their 


Ps 3 ual 
; own to sell to non-military customers, but with 


What make of equipment is best: understanding of available machines and 
. techniques, this group is in a position to be 
What changes in company methods and iota in its Be beret oh 

procedures would be required? Other activities of the Computer Systems Divi- 
sion include a program of development of an 
advanced type of digital computer for military 
applications and operation of the company’s 
own computing center, consisting of extensive, 

yeneral-purpose computing equipment 
These activities comprise a part of the 
program whereby The Ramo-Wooldridge 
Corporation seeks to maintain broad coverage 
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RESISTORS 

Pol ‘ Fixed and ‘‘Dividohm’’ 

je iii fs adjustable wire - wound 

Pie ae i - types, 10 to 200 watts. 
La Also composition type. 





















RHEOSTATS 


Ten stock sizes— 25 to 
1000 watts. All ceramic 
and metal. 


What resistance components do you need in a hurry? 
From a factory stock of several million resistors, rheostats, 
and tap switches . . . in 1,859 types, sizes, and values .. . 
Ohmite can make fast delivery in reasonable quantities to 
meet your immediate requirements. 


Furthermore, by tailoring your specifications to these stock TAP SWITCHES 
items, you can always get speedy delivery that will help oe a 
you keep experimental and pilot production operations on from 10 to 100 amp, 
a smooth-running schedule. with from 2 to 12 taps. 


To assist engineers and purchasing agents in making 
their selection from this huge stock, Ohmite Stock Catalog 
No. 24 contains complete, up-to-date information on all 











Ohmite stock items. Resistance values, ratings, specifications, >) ; ny TT 
and other helpful information are included. ‘ 
NEED RELAYS? Write for Catalog R-10 hg | 
American Relay & Controls, Inc. STOCK 
3653 Howard Street, Skokie, Ill, ...an OHMITE Subsidiary CATALOG 
NO. 24 : 

® 
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MANUFACTURING CO. 


3674 Howard St., Skokie, Ill, (Suburb of Chicago) 











Around the 
Business Loop 


> Fairchild Engine & Airplane Corp. 
has bought the military end of Ken- 
dall Controls Corp. ‘The purchase in- 
cludes military rights to some pneu- 
matic controls and valves developed 
jointly by Kendall and Fairchild’s 
Stratos Division, and also several basic 
patents. Kendall retains commercial 
rights to products it has developed. 
>In a similar move, Lear, Inc., has 
taken over design and manufacturing 
rights to all the hydraulic and pneu- 
matic servo systems and components 
of Auto-Control Laboratories. ‘T'ypical 
of these products are stabilization and 
guidance systems for missiles, vaw 
dampers for high-speed aircraft, and 
heavy industrial actuating systems. 

> Angle Computer Co. has a new affil 
iate, General Cybernetics Corp., which 
has been built around engineers of 
General Cybernetics Associates. Geof- 
frey Post, formerly senior development 
engineer of Servomechanisms, Inc., is 
chief engineer of the new Glendale, 
Calif., firm. It will design and manu- 
facture automatic control systems and 
components and computers. 

> David H. Ransom, ex-president of 
Mag-Electric Products, has set up 
Ransom Research in San Pedro, Calif. 
Starting out with electronic decade 
counters and voltage regulators, he 
plans to develop new products for in- 
dustrial control, computers, and _rail- 
road communications. 

> Bendix Aviation Corp. has changed 
the name of its Eclipse-Pioneer Foun- 
dries Division to Bendix Foundries. 

> Sperry Gyroscope Co. has a new 
Aeronautical Equipment Division, 
headed by Herb C. Bostwick, who has 
been enginecring director for flight re- 


search. The new division follows 
Sperry’s program of streamlining oper- 
ations along product lines. 

> Leeds & Northrup Co. started build- 
ing “the world’s most modern control- 
instrument plant” at North Wales, 
Pa., when it awarded the $2,750,000 
first portion of a general contract. The 
one-story main building will cover 
254,000 sq ft and will be manned by 
some 1,300 employees. The tract is 
big enough to accommodate all of 
L&N’s operations. 

> Robertshaw-Fulton Controls Co. 
also has a new Aeronautical Division 
formerly the Anaheim Division. And 
its Fielden Instrument Division has ex 
panded Philadelphia plant and office 
facilities by 200 per cent. 

> Servomechanisms, Inc., is getting 
ready to occupy a new $1.5 million 
building at Los Angeles International 
Airport. 

> Sinclair-Collins Valve Co. and Val- 
vair Corp. have a new plant in Canton, 
Pa. Built to take care of the parent 
companies’ eastern customers, the new 
establishment will have the manufac- 
turing name Collins Valve, Inc. 


TECHNICAL SOCIETY NOTES 
IRE’s New Control Group 





The Institute of Radio Engineers’ 
new Professional Group on Automatic 
Control has slated a special panel 
session for Tuesday evening, March 
22, the second day of the IRE’s 
1955 National Convention in New 
York. The panel will discuss ““T'rends 
in Automatization of Procedures in 
Business and Industry,” and will be 
moderated by Prof. Gordon S. Brown, 
EE Dept. head at MIT and a consult- 
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Leeds & Northrup’s North Wales control-instrument plant could grow enough to hold the entire company 


ing editor for CONTROL ENGINEERING. 

Che other members of the panel, 
who specialize in various aspects of 
the control field, will be: Dr. W. R. G. 
Baker, General Electric’s Electronics 
Park, Svracuse, N. Y.; Prof. Richard 
Meier, Dept. of Sociology, University 
of Chicago; Mr. Low K. Lee, Advanced 
l'echnique Laboratory at Stanford Uni- 
versity; and Mr. Roger Bolz, editor of 
“Automation.” 

The Professional Group of Auto- 
matic Control also will sponsor a tech- 
nical session of four papers on servo 
techniques as part of the National 
Convention that will be held March 
21-24 at the Waldorf-Astoria and 
Kingsbridge Armory, N. Y. 





wed: &): 
Kushnik Gets Top ISA Post 





The Instrument Soc icty of America 
has named William H. Kushnik its 


executive director—top administrative 
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Ine 4 soak .: . corse — ca we c ° P ° ° . 
Pueblo’s old soaks display new virility these days because of rejuvenating tonic dispensed from Honeywell control panel 


job in the 


istrative duties, Kushnik will be pub- 
lisher of the “ISA Journal.” 

Kusknik has made a name for him- 
self in engineering and management 
circles. After graduating from the New 
York University School of Industrial 
Engineering, he was a production ex 
ecutive for the companies that merged 
to form the Anchor-Hocking Glass 
Corp. During the war he directed ci- 
vilian personnel and training for the 
Office of the Secretary of War. 

Recently he has headed the School 
of Management for the American 
Management Association, New York 


AIChE Elects Dodge 





At its 47th annual meeting in New 
York, the American Institute of Chem- 
ical Engineers elected its 1955 presi- 
dent: Prof. Barnett F'. Dodge, head of 
the Yale University Chemical Engi- 
neering Department. 

Dodge’s background includes work 
in industry, government, and educa- 
tion. After graduating from MIT in 
1917, he worked for several years with 
Du Pont and the Lewis Recovery Co. 
and also with the Fixed Nitrogen Re- 
search Laboratory of the U. S$. Depart- 
ment of Agriculture. Then in 1925, 
after getting his DSc from Harvard, he 
joined the Yale faculty. 

His consulting work—largely in con- 
nection with his partnership in Dodge, 
Bliss, and Walker—has taken him all 
over the United States. He has also 
lectured at the University of Barcelona 
and the University of Toulouse. 
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7,500-member organization. 
In addition to handling various admin- 
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Modern Controls Rejuvenate 


Pueblo's 50-Year-Old Soaks 


Was it Sophocles or Doc Mason 
who said, “A technology really pays 
when it does something for the old 
as well as the voung.’’? 

No matter the sage. Here is a 
striking example of control tech 
nology’s ability to put zip into a 
venerable but sagging capital invest- 
ment—and make it pav as it never 
could in its more sprightly days. 

The locale is Colorado: Fuel and 
Iron’s king-sized Pueblo mill. The 
patient, CF&I’s 28 pits, which have 
just completed a half century of faith 
ful ingot soaking. But with faltering 
fecundity. 

Here is the remedy. ‘The ailing pits 
were built up to accommodate an in- 
tegrated Honeywell automatic control 
svstem. Elements of the svstem = in- 
clude radiation-tvpe _ pit-temperature 
pickups, fuel-input control, air-intake 
and damper regulation, central-panel 
supervision, and flow accounting. 

Results of the remedy? In_ pit 
throughput an 0.8 per cent gain. This, 
in dollars and cents, adds up to a 
round 16 cents per ton. Figuring 
85,713 tons output from the first 
four pits so equipped, the increased 
production in 754 amount to $13,714. 

As H. W. Hodges, Combustion 
Superintendent, puts it, “When these 
figures are extended to all pits the 
vearly increase in vield will amount 


to $96,000. Further, the control svs 
tem has eliminated need for crane 
turning of ingots to obtain uniform 
heating. ‘This has decreased crane 
time between 15 to 25 per cent. Also, 
the average BTU saving per ton of 
steel amount to 0.493 million.” 

Superintendent Hodges tops it off 
by estimating “conservatively” that 
pit life will be extended at least 50 
per cent. Savings in replacing refrac 
torv brick alone will run to at least 
6 cents per ton. 

Another fine proof that automatic 
control is good medicine for industry 
preventative, productive, prolonging. 
Surely it was Doc Mason who said, 
“Why wait for industrial senility? 
Put control to work.” 


Computer Mimics 
Socony Refinery 


The petroleum world’s largest and 
fastest computer, Mobilac, is now at 
work in Socony-Vacuum’s Research 
and Development Laboratories, Pauls- 
boro, N. J. Mobilac is a $135,000 
general-purpose digital computer built 
by ElectroData. 

Its various tasks include routine help 
with mass spectrographs, figuring sur 
face area of catalyst beads, and compu 
tational jobs encountered by research 





KOLLSMAN 
PRESSURE RATIO 
THRUSTMETER 
used on 
Convair’s F-102 
McDonnell’s F-101 


which way* 
to measure 
jet engine 
performance? 


THRUSTMETERS 


TYPICAL SYSTEM 
OPERATIONAL DATA 


. Accuracy: .015 in 100% of readings 
at room temperature. 
.025 in 85% of readings 
at —55°C and +70°C. 
.035 in 15% of readings 
at —55°C and +70°C. 
. Altitude: No specific limitation. 
. Power: 115V, 400CPS, single phase, 18VA 
. Pressure Ratio Range: 1.2 to 3.4 


. Pressure Ranges (operating): 
Pt2—2 to 50” Hg. Abs. 
Pt,=2.4 to 100” Hg. Abs. 
Pt,—Pt2—0.4 to 70” Hg. 
. Temperature Range: —55°C to +70°C. 
. Weights: 
Transmitter: 2.2 Ibs. 
Indicator (including integral 
amplifier): 1.8 Ib. 


. Response: Full Range in 7 seconds. 


Actual photograph 


to indicate PRESSURE RATIO 
to indicate DIFFERENTIAL PRESSURE 


KOLLSMAN is in production... 
on components for BOTH TYPES — for Remote or Direct reading 


For over a quarter century, Kollsman has been making pre- 
cision pressure sensitive mechanisms using displacement type 
diaphragms. This diaphragm can be called the heart of a 
thrustmeter pressure indicating system. 


Our long experience making displacement type diaphragms 
guarantees reliable thrustmeters. 


Proven Kollsman displacement type diaphragms, when 
fitted with Kollsman Synchrotels, comprise the transmitters 
for remote indicating types. Thousands of Synchrotels are now 
in use in other applications equally demanding of accuracy 
and durability. 

Tailor-made Thrustmeters can be supplied for any 
engine-airplane combination. Write for complete technical 
information. 


*The Pressure Ratio System has advantages for indicating optimum 
climb and cruise throttle setting, whereas the Pressure Differential 
System has a definite advantage at take-off. 
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scientists. But its most interesting job 
is to impersonate parts of the nearby 
refinery. 

Under the immediate supervision of 
physicist Murray L. Deutsch and en- 
gineer John Hicks, Mobilac is endeav- 
oring to perfect such refinery opera- 
tions as the firing of stills and the 
setting of valves in catalytic crackers. 

Hicks has reduced refinery engi- 
neers’ performance curves to a set of 
mathematical equations that represent 
the behavior of the separate refinery 
units. These equations are stored in 
Mobilac’s rotating-drum = memory. 
Punchcards containing such data as 
charge stock characteristics and rough 
product specifications are then fed into 
the machine, which puts the two sets 
of information together. In about fif- 
teen minutes out comes, in mathe- 
matical form, the results of the process. 

This effort can ultimately lead to 
optimization of petroleum refining, 
or even to control based on final prod 
uct specifications. But for the time 
being, Deutsch and Hicks are glad 
to settle for refinement of established 
refining practices. 


Important Moves 
By Key People 
> Ralph G. Holben is now vice-presi- 


dent in charge of manufacturing at 
Conoflow Corp. Promoted from plant 
manager, he will be responsible for 
production, purchasing, and plant 
maintenance. 

> Richard E. Carpenter has risen to 
chief production engineer of Electro- 
Data Corp. His new job will be to 
translate computer developments into 
manufacturing requirements. 

> General Radio Co. has promoted Dr. 
Donald B. Sinclair from chief engi- 
neer to vice-president for engineering. 
Sinclair has been with the company 
since getting his DSc from MIT in 
1936. For ten years he has been a di- 
rector of the Institute of Radio Engi- 
neers, having served as president for 
1952. 

> Benedict J. Pardini will supervise the 
drafting and design group at Cook Re- 
search Laboratories. With Cook since 
1948, he has specialized in develop- 
ment of magnetic and electromechani- 
cal equipment. 

> Richard B. Winchester is appointed 
eastern regional manager of the Ord- 
nance Division of Minneapolis-Honey- 
well Regulator Co. He will be in 
charge of contacts with defense agen- 
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Holben is now a Conoflow vice-president 


Pardini moves up at Cook Laboratories. 


cies and Atomic Energy Commission. 
> Bendix Aviation Corp. has promoted 
three key men. E. K. Foster will be a 
group executive in charge of four divi- 
sions: Bendix Radio, Bendix ‘Television 
and Broadcast Receiver, York, and 
Cincinnati. Howard Walker moves up 
from plant manager to general man- 
ager of the York Division. And Mau- 
rice W. Horrell, director of engincer- 
ing and assistant general manager of 
the Bendix Computer Division, is now 
general manager. 

> Dr. Leland G. Cole will head the dy- 
namics laboratory at Robertshaw-Ful- 
ton’s newly renamed Acronautical 
Division, Anaheim, Calif. Joining him 
are three other new staff members: 
C. J. Thompson, chief engineer; and 
research scientists Dr. W. M. Roberts 
and Maynard D. McFarlane. Cole was 


Carpenter makes ElectroData bear fruit 


Ayers furthers North Electric’s expansion 


formerly director of the University of 
Michigan rocket propulsion laboratory 
and chief of the university’s Willow 
Run Research center. More recently 
he has been a consultant on rocket en- 
gines, gas generators, combustion, igni- 
tion, heat transfer, propulsion, and ex 
plosives. 

> Raymond W. Ayers comes to North 
Electric Mfg. Co. as manager of its 
expanded Industrial Division. He will 
have charge of sales and application 
engineering of airborne and industrial 
relays, automatic control systems, and 
computer and other automatic system 
components. 

> Automatic mechanisms engineer 
William D. Bobco is now assistant 
manager of the mechanism and dy- 
namics research department at Armour 
Research Foundation. 





New Phil-trol Relays Available with 
Printed Circuit and Taper Tab Terminals 


Phil-trol Engineering, in its constant policy 
to keep abreast and ahead of the rapid 
progress in electronic design and produc- 
tion techniques, has developed several new 
relays. Those shown here illustrate a com- 
pletely new sub-miniature type, the mi- 
nute, featherweight Phil-trol ‘15’ series. 
They are available with printed circuit 
terminals as well as with standard solder- 
ing lugs. 

Also shown is the popular, improved 
Phil-trol type “8” relay, available with 
printed circuit or Taper Tab terminals. 

In designing these new relays Phillips 
Control Corporation applied their long 
specialized experience and their same 
standard practice of producing the finest 
relays possible for the intended applica- 
tions. And to achieve greatest economy 
commensurate with top performance and 
long, dependable life. 


The new Phil-trol “15” 
improved type ‘8,’ added to the Phil-trol 


series, and the 


line, further broaden the unusually wide 
selection of Phil-trol Products available 
for practically every relay application. 

You are invited to call upon the compre- 
hensive Phil-trol Engineering Service to 
help you determine the exact Phil-trol 
relay best for your application—or to 
work with you on “special” problems— 
without obligation. 


Let 


Phil-trol Progress 
Help Solve Your 


Relay Problems 


Phil-trol Type 


Contacts are silver. Shown actual size—weight is approximately 
1 ounce. Also available with standard soldering terminals. 


15QA with printed circuit terminals of brass. 
































END VIEW 


Here is the new Phil-trol Type 1SQA Relay (above). Sub-miniature in size, light in 


weight, it is ideal where dependable performance is a ‘“‘must”™ 


as in delicate instrumen- 


tation, Radiosonde equipment, or the Autronic Eye. For DC operation up to 60 V., 


with contact | Form C (S.P.D.T.). 


This Phil-trol 8QA, DC relay is equipped with 
the new wedge action Taper Tab terminals for 
simple, fast, positive connections. No soldering 
problems. Phil-trol Engineers have made the 
8QA available in a Taper Tab model to save 
time and labor in assembly. It is also available 
with printed circuit terminals. 








SIDE VIEW 


The Phil-trol 8QA is highly sensitive, pro- 
vides fast opening and closing. Heavy duty, 
long-life bearings give precision operation. 
Contact springs are equipped with twin 
contacts to assure maximum reliability. Oper- 
ating voltage up to 230 volts DC. Weight is 
approximately 3 ounces. 


PHILLIPS CONTROL CORP., Dept. CE, Joliet, Ill. 


Gentlemen: Piease send me your General Catalog [ 


7" 
J 


1 am also interested in: Phil-trol Type 15 Printed Circuit Relays C) 


Phil-trol Type 8QA Taper Tab Relays |_| 


Name 
Company 
Street 
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A MESSAGE TO AMERICAN 


FINANCIAL AID TO HIGHER EDUCATION 


Business Aid for Our Colleges — 
Voluntary or Involuntary ? 


Previous editorials in this series have shown 
that: 

@ As a group the nation’s independent, pri- 

vately endowed colleges and universities are 

in grave financial trouble, and 

@ There are many different means by which 

business firms can extend a helping hand to 

these institutions. 

This editorial, one of a series devoted to the 
financial problems of higher education, submits 
this proposition: If business firms do not 
voluntarily go to the financial aid of high- 
er education, there is every prospect that 
they will soon be providing more financial 
support for higher education involuntar- 
ily, through taxation. 

If this prospect materializes, one of the basic 
elements of a well-balanced system of higher 
education —a strong array of independent col- 
leges and universities—may well be dangerous- 
ly weakened if not destroyed. And in the process 
a potentially crucial bulwark for freedom of 
enterprise in the United States—that same strong 
array of independent colleges and universities 
—will be undermined. 

Acceptance of these propositions implies 
absolutely no disparagement of tax-supported 
colleges and universities. These have an indis- 
pensable role in the total system of higher edu- 
cation in the United States. Leaders of these 
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institutions would be among the first to agree 
that their position is strengthened by a strong 
system of independent institutions, supported 
privately rather than by political agencies. 

What is the evidence that in one way or an- 
other, voluntarily or involuntarily, business will 
be giving more financial support to higher edu- 
cation? One impressive part of this evidence is 
provided by the recent rapid increase in the 
proportion of college and university students 
attending tax-supported institutions. 


Rapid Shift in Enrollment 


In the fall of 1952 tax-supported colleges 
and universities enrolled about 7.5 per cent 
more students than the independent institutions. 
In 1953 this percentage was doubled. And in 
1954 the tax-supported institutions enrolled 26 
per cent more students. 

In the case of students entering college for 
the first time the relative growth of the tax-sup- 
ported institutions recently has been even more 
striking. In 1952, the number of beginning stu- 
dents in the tax-supported schools, as reported 
by the U. S. Office of Education, exceeded those 
in the independent colleges and universities by 
35 per cent. In 1954, just two years later, this 
figure jumped to 49 per cent. 

Why has the proportion of students attending 
tax-supported colleges and universities been in- 





creasing so rapidly? There are many reasons. 
But a dominant reason is that, in order to keep 
going at all, the independent institutions have 
been forced to make large increases in the prices 
they charge for instruction. The purchasing 
power of their endowment funds has been cut 
in half by price inflation. The capacity of the 
wealthy to supplement their endowments by 
gifts, as they have done in the past, has been 
greatly reduced by high taxes. As a result these 
schools have been forced to rely increasingly 
on higher prices for instruction (tuition as it is 
called in academic circles) to make both ends 
meet. 

Since 1940, the independent colleges and 
universities have raised their tuition fees by an 
average of about 60 per cent. This is consider- 
ably less than the increase of about 100 per cent 
in prices generally since 1940. And it is no- 
where near enough to prevent the faculty mem- 
bers of the independent colleges from faring 
miserably in terms of salaries, a matter of major 
national importance to which we shall return 
in this series. But the increase in tuition fees of 
the independent colleges has been much greater 
than the increase in the fees charged by the tax- 
supported schools. And that price differential 
increasingly tends to shunt students into the 
schools which are supported chiefly by taxes. 
Independent colleges now charge, on the aver- 
age, about $580 per year for a full course of 
instruction while the tax-supported institutions 
charge, on the average, about $240. 


Bigger Tax Bill in Prospect 

A large increase in the total enrollment in 
our colleges and universities during the next 
decade is in prospect, particularly when the 
great increase in births during World War II 
is reflected in the number of young men and 
women of college age. With a total of 2.5 million 
students at present enrolled in our institutions 
of higher learning, it is estimated that the total 
will be over 3 million by 1960. 

If this trend continues most of the anticipated 
increase in college and university enrollment 
will be concentrated in tax-supported institu- 
tions. Indeed, if the shift toward tax-supported 
institutions that has occurred in the last three 
years were to continue over the next six years 
at the same rate, about two million of the three 
million students anticipated in 1960 would be 
in tax-supported colleges and universities and 


one million in independent schools. In 1950 
there was a 50-50 division in enrollment. This 
shift would mean, of course, a corresponding 
increase in the tax bill for tax-supported educa- 
tion. And of this bill, we can be sure that an 
ample share would be assessed against business 
firms. 


No Easy Solution 


The best way, of course, to put a brake on a 
soaring tax bill for higher education is to help 
the independent institutions get in shape finan- 
cially to carry a larger share of the student load. 
For most companies the development of a mutu- 
ally satisfactory program of financial aid for 
higher education is a complicated process. In 
fact, it is so complicated that some companies 
with an initial disposition to provide financial 
help are inclined to despair of working out a 
mutually constructive plan. 

If, however, the leaders of business will 
contemplate seriously the only available 
alternative to their extending voluntary 
help to our independent colleges and uni- 
versities, their determination to work out a 
plan will be strengthened. For that alterna- 
tive involves a grave weakening of our sys- 
tem of higher education, together with an 
involuntary increase in the financial sup- 
port of higher education by business. The 
increase would come through higher taxes. 
Contemplation of such an alternative 
should, if necessary, toughen the will of 
business firms generally to do everything 
possible to extend financial help to our 
independent colleges and universities. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationwide developments that are 
of particular concern to the business and pro- 
fessional community served by our industrial 
and technical publications. 

Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 
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This corrosion-resistant 
synchro is an original 
Ketay design to meet spe- 
cial requirements. 


This pancake synchro 
gyro pickoff shows how 
Ketay designs to meet 
the needs of special con- 


figuration. ___» 
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When you need prototypes... look to Ketay. 
The Research and Development Division is staffed 
and equipped to provide basic research 
where standard concepts are not applicable. 


As design agent for the Department of Defense 
and many leading industrial firms... Ketay has 
developed units for applications requiring 
resistance to the extremes of corrosion, humidity 
and temperature... units conforming to special 
configurations ...and many subminiatures. 
Ketay design units have set the standard for accuracy, 
torque and power, stability and uniformity, and 
variety in function and adaptability. 


Ste BP AG I AEP ROLES ROM 6 Dt NO NOE veces 


FOR A SINGLE PROTOTYPE 


FeO EOD EWE AS 


INSTRUMENT 


Ketay offers the widest range of synchros, 
servo motors, resolvers, and related units. 
In fact, many of your “special design 
requirements” can be obtained with “over 130” 
standard items now in volume production. 
Ketay is a major supplier to both the 
military and leading industrial firms. They 
are specialists in SYNCHROS * RESOLVERS 
SERVO MOTORS ¢ RATE GENERATORS « 
MAGNETIC AMPLIFIERS ¢ POTENTIOMETERS e 
GEARS AND GEAR TRAINS ¢ SERVO MECHANISMS e 
AIRBORNE INSTRUMENTS ¢ ELECTRONIC EQUIPMENT. 


When high precision and fine quality are important 
... look to Ketay! 


eta INSTRUMENT CORPORATION 
555 Broadway, New York 12, N.Y. 


Pacific Division: 12833 Simms Avenue, Hawthorne, California 


te Tt ie 





Research & Development Division, New York, N. Y. 
Kinetix Instrument Division, Commack, N. Y. 
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Did Reuther Speak For All Labor? 


A new round of labor union demands may be riding in on 
the swelling tide of automatic control. In his annual report to 
the recent CIO convention in Los Angeles, president Walter 
Reuther cited increased productivity brought about by controls. 
And he made it clear that the CIO woul | insist on a substantial 
share of the benefits. Specifically, he called for higher wages, 
bigger welfare programs, and a guaranteed annual wage. 
Did Reuther sound a fresh note for labor negotiations? Or 
was he merely echoing a common resolve of organized labor? ' l'o 
discover labor’s attitude, ConTROL Encomananc solicited the 
views of most of the nation’s important labor leaders, both within 
and outside of the CIO. Here are condensed versions of the 
most significant comments. 
Mine Workers (Independent). John L. Lewis's union was one 
of the first to feel the effects of extensive mechanization. Far _ It’s an old problem 
from bucking the tide, Lewis has by his shrewd bargaining forced te John L. Lewis 
mine owners to come up with more and more labor-saving ma- 
chines. He says: “We decided it is better to have half a million 
men working in the industry at good wages and high standards 
of living then it is to havea saillion Ww orking i in pove a and degra- 
dation. "| think anything that man can ie to take davery out of 
the daily toil of the human being is a contribution toward im- 
provement of the race.’ The U MW wants to share in the benefits 
of labor-saving devices by getting shorter hours, more severance 
pay, more boentilal unemploy ment compensation, earlier retire- 
ment on larger pensions. 
Auto Workers (CIO). In contrast with the Mine Workers, 
Reuther’s own union wants to keep up the employment level. | Auto workers ready 
The Auto Workers intend to go all out for the guaranteed annual __ to strike for GAW 
wage in April when they open negotiations with major manu- 
fachuvers. This will be the first time the GAW demand has been 
served on an entire industry, although the CIO’s steel and elec- 
trical workers made a token demand for GAW last vear. Reuther 
declares that the UAW will strike to win this part of the extensive 
pay and benefit package it will propose. The union has changed 
the label to “Guaranteed Employment Plan,” but it concedes 
that it is meant to penalize employers who lay off workers. ‘The 
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gist of the plan is: a guarantee of 40 straight-time hours ot pay 
every week, unless a man is told in advance phe will be laid off for 
the week; additional protection for seniority; for each full week 
of layoff, payments which, along with unemploy ment pay, will 
keep a worker's earnings up to par. Says Reuther: “We really 
don’t want to be paid fee not working, but we w ant to make it 
costly for a company to have unemployment.” He wants to force 
automobile manufacturers not to introduce new machinery in 
slack periods, when it would cause unemployment. 

Machinists (AFL). A union spokesman notes that “machinists 
make the machines,” and are anything but unhappy about the 
trend toward automatic machinery. He feels that his union will 
often pick up maintenance jobs where they lose production work- 
ers. But he admits: “The big problem now is what to do with 
displaced workers.” 

Textile Workers (CIO). Research director Solomon Barkin 
points to the snowballing of productivity per manhour and 
asserts: ““Ihose who urge caution in labeling the current changes 
in production and service methods as a second industrial revolu- 
tion are asking us to understate the vastness of the changes and 
the problems they will be creating.” He is worried about what 
happens to workers in a plant that becomes obsolete and is aban- 
doned. He wants multiplant corporations to “provide transfer 
rights among their constituent operations.” This would include 
reimbursement for lost wages, for moving expenses, and for 
possible losses incurred in selling homes or cancelling leases. And 
he calls for upgrading skill through education of older persons. 
Barkin suggests also that automatization will increase labor turn- 
over. And unions will have to extend their concepts of industry- 
wide bargaining. “In the postwar period, we have described our 
experience as industrial pattern bargaining. But truly, the pattern 
was set with one of a group of five or ten corporations. What 
structure of unionism is best suited to this new set of facts?” 

Packinghouse Workers (Independent). President Don Mahon 
fears that new labor-saving machinery will wreak social havoc. 
He sees the possibility of all workers being reduced to the same 
pay level, which would destroy the incentive for personal im- 
provement. When higher-paying jobs no longer exist, he says, 

“the greatest single fortes resulting in the independent and 
aggressive nature of the American worker will have been elimi- 
nated.” 

Utility Workers (CIO). President Joseph A. Fisher notes that 
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for unemployment 


It’s really an 
industrial revolution 


Union structure 
may have to change 
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new generators can generate a million kilowatts with only 90 
Ww ochevs, whereas older equipment produced only half a million 
kilowatts with 250 to 300 workers. Fisher is proud of havi ing nego- 
tiated a form of GAW contract with Consolidated Edison a 
New York. It keeps work force at 1940 level. He wants to enforce 
system-wide seniority, rather than plant-wide, to keep veteran 
union members on the job. 

Office Workers (AIL). Paul R. Hutchings, secretary-treasurer, 
is “not too concerned about so-called labor saving devices.” His 
attitude is that where two employees are let out for a machine, 
two others are needed to care for it. 

Paper Workers (CIO). ‘This union, likewise, is not worried. 
States research hee Henry D. Paley: “Our industry has a What happens to 
particularly alert management. They have taken the position that displaced workers? 
savings should go into labor costs, and we've bargained on job- 
evaluation, with ‘subsequent i increases in proportion to the general 
labor saving in production.” But he is curious as to what happens 
to displaced workers: “We need a survey to find out.” 

Oil Workers (CIO). President O. A. Knight realizes that auto- 
matic control is nothing new to his iadsatan. But he sees a “grad- 
ual process of attrition” reducing the number of available sobs. 
And he expects the trend to continas. He thinks that the men 
hired in ever greater numbers to install, maintain, and repair 
electronic equipment may soon be in the same position as today’s 
hourly-paid people, and comments: “That will present an inter- 
esting new situation in labor relations.” Knight sums up his 
general attitude thus: “It is inherently good to get more work 
done with less labor. ‘This good can be translated into terms of 
a greater abundance of goods for everyone, less drudgery for 
workess, shorter hours of woe. and a generally higher ond more 
comfortable standard of living.” 

Electrical Workers (CIO). President James Carey, whose 
union last year demanded (and lost) the GAW as an answer to — Carey delivers 
the automatic factory, rt std what seems to be a majority the majority opinion 
opinion for organized labor: “Let’s look at it sensibly. Why 
should we oppose cost reduction as a principle. We understand 
the facts of life in this mass-production society. But we think 
it is elementary that the social and economic dev elopment must 
go hand in hand with the technological development . . . I believe 
that our attitude should be to welone these dev clopments but 
to insist that the benefits be distributed equally among the work- 
ers, the owners, and the public.” 
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Now Fairchild is able to miniaturize 
potentiometers and still give you the 
accuracy and reliability you need. 

This advance is made possible by 
Fairchild’s continuous and extensive 
research on new materials such as epoxy- 
resin and halogenated polyethylene 
insulating materials, and precious metal 
alloy resistance wire, and by thorough 
evaluation of these materials in our own 
environmental testing facilities. These 
advances are maintained by our rigid 
quality control program on materials, 
processes, and manufacturing. 


without 
sacrificing performance 


Fairchild miniature precision potentiometers meet applicable 
portions of MIL-E-5272A for humidity, vibration, temperature cycling, 
fungus resistance and salt spray. These units, in 7e’’ and 1%” 
diameters, meet the same requirements for accuracy and reliability 
as most standard precision units up to 2’’ in diameter. 


No matter what factors govern your choice of precision 
potentiometers, you'll find the answer in Fairchild’s complete line. 
Write Dept. 140-59C, Fairchild Camera and Instrument Corporation, 


Potentiometer Division, 225 Park Avenue, Hicksville, IR C- / JL — 
Long Island, New York. AN DM (So 


PACISION POTENTIOMETERS 
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Standards 








Control 


What areas of our field can benefit from standardization? 

All control engineers should be able to communicate intelligently. ‘This demands 
standards for terminology and symbols. ‘The next step is to send irdize the hardware 
we are talking about. This can include standard performance specifications, dimen 
sions, and types of information transmission. Finally, we should keep old standards up 
to date so that they do not unduly restrict the use of these new techniques. 

As we have reported before, the ASME and AIEE committees have estab 
lished tentative terminology and symbology standards. ‘hese are encouragingly simi 
lar. Also, the AS. 4 Committee on Automatic Control ‘Terminology is on the job. We 
predict that this committee’s activities will proceed at a fast pace for a good many 
years because of the ever-increasing rate of technical advances in this ficld. 

Equipment standards are easiest to establish when a major development can be 
spotted at the start and a simple framework of standards built at that time. But suc 
cessful inroads are being made in standardizing widely used instruments. For example, 
the Recommended Practices Committee of the ISA is tackling the problem of speci 
fying the dynamic performance of transmitting and control equipment. 

On the other hand, the field of digital data processing and computing repre 
sents a new area where standardization should be considered from the start. We 
know that a machine’s code determines its ability to work with another machine 
Why not try to establish coding standards in an effort to make expensive code 
transforming devices unnecessary? 

Recognized practices often make mandatory manual operations that could 
better be “dene automatically. ‘hese are simply obstructions to progress. Where 
the use of automatic control equipment can save money and give the same accuracy 
and safety as a manual operation, revise the practices s and standards to permit the usc 
of new techniques. 

We believe that standards should be the minimum necessary for guidance 
They should exist only as long as they are adequate. Standards must never be so 
stiff that they hinder original contributions. They must be changed to keep abreast 
of the technical advances in the field. 

THE EDITORS 
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How to 
Analyze Control Systems 


Graphically 


H. M. PAYNTER, Massachusetts Institute of Tech nology and Pi-Square Engineering Co. 


STORAGE TANKS and their many equivalents (fly 
wheels, springs, capacitors, coils, etc.) stabilize sys- 
tems or processes in the sense that they take up 
slack and even out fluctuation. They serve as control 
points, at least in a relative way, and to some degree 
isolate various units of a plant. 

As conventionally used, they not only simplify 
design of the plant but in many instances they are 
essential for satisfactory operation and control. ‘Thus 
a starting point in our theory is the investigation of 
the dynamic behavior of storage devices in general, 
and liquid storage tanks in particular. 

The most significant relation governing the be- 
havior of any storage device is that expressing its 
property of conservation. For a storage tank contain- 
ing liquid, the simple and exact expression is: the 
difference between the amount of liquid put in and 
the amount taken out (including leakage, evapora- 
tion, etc.) must equal what remains inside. 


Storage , 
Vout equal Supply minus Demand 
‘ scquals i : s ; 
x 1 Volume Volume 
Change 
AS a Ss . Sp (1) 


The supply volume and demand volume are simply 
related to their respective time-average flows during 
any given time interval, t: 

Ss = [Qslave X At 

Sp = [Oplave x Aft 


Where [Qs]aye = time-average supply flow, and 
~_ I 5 : ‘ : 
‘{Op|ave = time-average demand flow. Substituting 
~~ 3 
: . i ’ 
Equations 2 and 3 in equation 1, 


AS = [Qslave X At — [Qplave X At (4 


Storage Average Time 
Volume equals Net times atesuedl 
Change Supply : 


AS i [Qs — Qblave x Al (5) 
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Similar bookkeeping equations apply to all storage 
devices in any physical system. Each represents one 
of the mass or energy or momentum conservation 
principles of physics. 

To apply Equation 5 it is necessary to have data 
on the average net supply or on the continuous 
variation of supply and demand flows, Os and Qp, 
during the time interval. ‘The arithmetic mean of 
net supply at the beginning and end of the time 
interval approximates the time average of net supply: 

(Qs — Qnoleve Z 1/2((Qa — Qn) + Qsz — Qns)] (6) 
Thus the four quantities—initial and final values of 
both supply and demand—determine the average 
net supply for each time interval. The relation is 
cxact if the supply and demand curves are straight 
lines during the interval. ‘This is usually not so. 
But the approximation is very close if the time inter 
vals are small. 

By using the symbol Oy for the net difference 
between supply and demand and then substituting 
the result in Equation 5, 


Al At - 
AS = 1/2(Qm. + QnolAt (3 Jeu T (3 Von : 


where the subscripts 1 and 2, as before, stand for 
the values at the beginning and at the end of time 
interval At. One can, then, evaluate the change in 
storage volume simply, if the numerical values of 
supph and demand are known at sufficiently small 
and regular time intervals. In the great majority of 
cases, however, the data are more re: adie available in 
continuous recorded or plotted form. As we shall see 
later, they are usually easier to handle in this form. 

The graphic: 11 construction is based on the evalua 
ton of AS in two parts, 


AS AS, + AS» (8) 
The right-hand diagram of Fig. 2 shows that AS, 


and AS, are seleted | to their respective net supplies, 
Oy, and Oye, by 


AS; At AS» Al 

—'s and Qu. ~ 2 (9) 
‘The sloping line, or slopeline, drawn downward from 
point A to intersect the baseline at point O, de- 
termines AS,. The slopeline then drawn upward 
from point O to intersect the final net supply ordi 
nate at point D determines AS,. Of course the phy- 
sical slope of the slopeline is determined by the 
completely arbitrary scales of O and S. This means, 
then, that any convenient slope or angle may be 
taken, no matter what the actual time cabervel hap 
pens to be. 

In many instances, it is not desirable to calculate 
the net supply for every interval of time. It is more 
convenient to work directly in terms of separate 
supply and demand curves graphed against time. 
Thus we have Figure 3a, an exact equivalent of the 
construction shown in Figure 2. ‘To compute the 
correct values of AS, and AS,, the downward slope- 
line is drawn from point A to point B with a slope of 


BASIC ELEMENTS 
OF THE GRAPHICAL 
SLOPELINE METHOD 
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NET STORAGE found by Slopeline Integration 
From Net Supply Graphically in Two Steps FIG. 2 
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NET STORAGE Found Directly from Supply and 
Demand Bypassing Net Supply Construction FIG. 3 





2. At point B the line makes a vertical jump down to 
point C and thence moves along an upward slopeline 
of 2 to point D. Geometry proves that both con 
structions give the same answer but the second 
construction circumvents drawing a Oy graph. A 
similar construction produces Figure 3b when the 
supply and demand curves converge, rather than 
diverge. 

‘The validity of the method depends on the degree 
to which the area a-b-c-d approximates a trapezoid. 
If the curve a-d is a straight line, there is no “trunca- 
tion” error. But if the curvature is appreciable, a 
measurable error exists. Errors can be reduced merely 
by decreasing the interval At, thus steepening the 
slopeline. ‘he method has a marked superiority 
over other known graphical methods of comparable 
simplicity, because it permits the use of fairly large 
time intervals without causing serious errors, pro- 
vided the time intervals are reasonably distributed 
with respect to Os and Op. 

The method is by no means original; indeed, 
Archimedes used a similar one. It formed the logical 
basis of his “method of exhaustion” which antici- 
pated the integral calculus by 2,000 years. In more 
recent years the method has received much attention 
from the late Louis Bergeron! in France as well as 
K. E. Sorensen? and Kalman De Juhasz* in the 
U.S. The work of De Juhasz has much of practical 
interest to control engineers. ‘The author has applied 
the method to many problems‘ and is featuring 
it in a book® now in manuscript form. 

We have not as yet restricted the shape or type 
of tank, because this does not affect the validity 
of conservation of matter, as expressed by the slope- 


PRACTICAL ADVANTAGES 
OF THE SLOPELINE 
GRAPHICAL METHOD: 


P Readily visualized 

> Fast 

P Inexpensive — pencil, ruler, 
and graph paper suffice 

P Always available 

P Uses experimental data directly 

> Applicable to various problems 

> Easily checked 


> Gives direct, easily read results 
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LEVEL-STORAGE CURVES for Various Tanks FIG. 4 


line construction. However, to determine the level, 
Z, in the tank, we must know, either from measure 
ments or from calculations, the relationship between 
the level, Z, and the storage volume, S. Level-storage 
graphs for several types of tanks are shown in Figure 
4. A horizontal, cylindrical tank is used as an ex- 
ample in the remainder of the article. To each value 
of storage corresponds a definite level. Once we have 
solved for the variation of storage with time, as in 
Figure 5, it is easy graphically to translate this curve 
into the variation of level with time shown in the 
lower righthand corner of Figure 5. 

In the example, the level comes close to the top 
of the tank, corresponding to maximum storage vol- 
ume. ‘There is no practical significance to a solution 
calling for more storage volume than the capacity of 
the tank, nor less storage volume than exists when 
the tank is completely empty. In these extreme 
cases, consider what actually happens in the physical 
system (for example, spilling liquid over the top or 
sucking air into the piping). Practical limitations 
such as these cause no additional complexity in the 
graphical construction. In fact, a great advantage of 
the method is that the engineer can observe the 
solution as it progresses. 





GIVEN: Supply and Demand 


PROBLEM 1 


FIND: = Storage Variation 
ath \/at 


GIVEN: Supply, Q,; Demand, Q,; and the stor- 
age—level relationship for the tank. 

SOLVE FOR: Variations of storage and level. 
METHOD: Project the supply and demand values 
at the end of each time interval to the left to con- 
struct the slopeline integration. The heavy line 
shows the detail construction cycle from time 2 to t t t t +* a t 
time 3. Follow the slopeline from Qs: to Qo». ‘Then of \ feo : 
there is a vertical jump up to Qp:, since Qo; is t t | +o rs Tsau'l eof, 
greater than Q,,. The slopeline then integrates ie ices bases ' 
between Q,, and Q,,. Repeat the cycle through 
each time interval to equilibrium. FIG. 5 
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CONTROL ENTERS THE PICTURE 


Up to this point we have considered the supply 
flow rate known or otherwise specified in some defi- 
nite fashion as a function of time. However, to 
control the supply flow rate, it is necessary to provide 
energy to drive the flow against a head that depends 
on the level in the tank. As shown in Figure 6, 
a pump imparts this energy in the case of liquid flow. 
On the right-hand side of Figure 6 are pump charac- 
teristics. ‘The pump discharge rate, and therefore 

Operating head, H, equals the difference between tank supply flow Qs, depends on the operating head, 
the tank and suction well levels. FIG. 7 H, and the valve position, X. 
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GIVEN: Supply equals Demand, both constant 
PROBLEM 2 
FIND: Level 


‘The flow, level, and the storage volume 

all remain constant when the valve position 

a0, is fixed and the supply equals the demand. 

(eonstont| Figure 8 shows the graphical method of 

constructing the plots of all variables. 

jrengten We will now consider two: operating pro- 

/ > grams. ‘The first deals with the effect of 

' ss a demand changes when the valve position 

is fixed. The second concerns the effect of 

valve position changes while the demand 
flow is constant. 








Tonk leve/,2-- 
(consteont) 


Bottom of tank 








GIVEN: Supply equal to demand and constant; 
head-flow curve for a fixed valve position; storage-level 

relationship for tank. 
SOLVE FOR: Level of liquid in tank; tank storage. 
METHOD: Reflect the flow value off the upper 
ais yO Ag ld li transfer line. Its intersection with the head-flow 
( constan') curve determines the head. Reflect the head value 
oft the lower transfer line. The point at which it 
e hie then reflects off the storage-level curve determines 
tever,Z the storage. FIG. 8 
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PR O BE L & M 3 GIVEN: Constant valve position; variable demand 
FIND: Supply 


First Program—Demand Changes 


If the demand varies from equilibrium 
according to Figure 9a, but the valve posi- Pia al 
tion is fixed, the resulting changes in supply line -F~ 4 7 
flow, tank level, and tank storage follow as ae el 
determined by the solution constructed in 
Figure 9. 





: oafee tH, ket? 
GIVEN: Demand record; head-flow curve for a oO. 2°, Pe Lol 
fixed valve position; storage-level relationships for = Oy we me 
tank. griiee_vt tot 
SOLVE FOR: Variations of supply, level, and (b) 
storage with time. a% 

METHOD: Reflect Qpo, Qo» Qo» - + + Qny off the Meek Storage,| 
upper transfer line. Reflect a trial value of Q,, off s 
the same transfer line and integrate by the slopeline 

method. Integral is S,-So. Reflect S; off the storage- 

level relationship and then off the lower transfer line. 

If the resulting H, and the trial Q,, intersect on 

the head-flow curve, this is a valid solution. If they 

do not intersect, try another value of Q,,. Repeat 

the sequence to determine Q;,,...Qsy and H,... Level, Z 
H,. FIG. 9 
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PROBLEM 4 | co. 


Second Program—Valve uoljIsodg 
Changes 


Should the valve position change, the 
tank level changes, because of both the 
altered valve position for equilibrium and 
the necessary transient fluctuations arising 
in the storage process. Here, then, is a case 
where the regime is disturbed by a variation 
in the supply “resistance” alone. 


GIVEN: Demand—constant; head-flow curves 
for valve positions between 100 per cent open 
and 60 per cent open, storage-level relationship. 
SOLVE FOR: Variation of supply, level, and 
storage with time. 

METHOD: First convert the head-flow curves 
to storage-flow curves by means of the storage- 
level curve. Reflect the demand value off the 
upper slopeline to its intersection with the 
storage-flow curve for 100 per cent valve open- 
ing. This determines initial values of all variables. 
Then integrate by the slopeline method. 

S,-So, determines Qs:, which is reflected off the 
upper transfer line and plotted on the flow-time 
chart. Continued integration determines S; . 

Sy and hence Qs... . Osy. FIG. 10 


PROCESS DYNAMICS 


Comparison of Figure 9 with Figure 10 indicates 
that cither of the two “exterior” (or independent) 
variables, demand (Qp) or valve position (X), pro- 
duces changes in all of the process variables. Further 
examination shows that the changes do not occur 
abruptly. Instead they vary gradually with time. The 


GIVEN: Constant demand; variable valve position 
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nm = Z. 
7 Demond,Qpn 
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dynamics of a storage process manifest themselves 
by “lagged” responses of the process variables (Z, 
Qs, etc.) to the disturbing variables (Op, X, etc.). 

This matter of dynamic response will need consid 
eration when the process is put under automatic 
control in the next article of this series. 
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THE GIST: The output voltage of a potentiometer is a linear 
function of its shaft angular position. With the output open- 
circuited, there is no loading error, and the voltage is a true 
measure of angular position. But with the potentiometer work- 
ing into a finite impedance, the shunting effect of this imped- 
ance causes a loading error. One method of correcting for 
this error is to add a compensating resistor. With practical load 
ratios and source impedances, this technique can reduce load- 
ing error to the order of potentiometer resolution for single- 
turn potentiometers. Here is an accurate graphical way to 
choose the proper compensating resistor. 





Here's a Shortcut 
in Compensating 


Pot Loading Errors 


J. GILBERT, The Norden Laboratories Corp. 


WHEN A POTENTIOMETER draws current, the output Before selecting the compensating elements it is 
voltage at the wiper tap is no longer a linear function _first necessary to analyze the errors caused by load a. 
of shaft position. This condition can occur when a ‘Then by optimizing the parameters b, X,, and c the 
potentiometer is loaded with a finite impedance. A maximum errors can be reduced by a factor ranging 
compensating resistor will reduce these linearity from 6 to 9 as the ratio, a, varies from unity to infin- 
errors. Figure | shows a loaded linear potentiometer. _ity. To simplify the approach, potentiometer resist- 





NOMENCLATURE 


load resistance or load ratio (ratio of load 
resistance to potentiometer resistance) 


compensating resistor 
dropping resistor 
tap location of compensating resistor 


wiper location 





potentiometer resistance 
Circuit of loaded linear potentiometer, FIG. 1 ’ = input voltage to potentiometer circuit 
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0€ = X*(I-X)-X (I-Xo)9/ 
-~ 1 


t 

| 

| 

/ I 
tA 
1 

! 
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1 

| 

| 

| 

| 


oe* X*{1-x) - + 
o>I10 


Colored curve indicates single error plot for ¢ equals 0 and a 
greater than 10. By estimating errors graphically, the opti- 
mum value of X, and b can be determined. FIG. 2 


ance is normalized or R equals one. 


Error Analysis for c—0O 
It can be shown that the error « caused by load 
ratio a 1s 
= X*(1 — X) (1) 
' a+xX — X 
or for a greater than 10 the following approximate 
relation applies. 
ae = X°(1 — X) (2) 


The maximum error, ¢m, from Equation 2 occurs 
when X,, is equal to 4, where X,, is the wiper posi- 
tion for maximum error. This error will then be 
- 0.148 
&. = 


a 


(3) 


Equation 2 indicates that a single error curve can 
be drawn for large values of a. This is shown in color 
in Figure 2. It consists of a plot of potentiometer 
error, ae, against shaft rotation, X. 


Error Analysis for c ~ 0 


The error expression as a function a, c and X for 
a finite c is 
X (X —c)(1 — X) 
€= a wes a. % (4) 
a(e+1)+¢eX +X — X 
When c equals zero, this expression reduces to 
equation 1. For values of a greater than 10, Equa- 
tion 4 can be simplified to give the following approxi- 
mate relation. 


— X(1 — X)(X —c) (5) 
oe c+i 

Figure 3 shows this equation plotted for various 
values of c. For a value of c equal to 0.5, the maxi- 
mum error reduces to ae», equals 0.032. Thus the 
maximum loading error for a equals 100 is only 0.032 
per cent when c equals 0.5. ‘This design minimizes 
errors without using the compensating resistor, b. 


TABLE | 


HOW ACCURATE IS THE SHORT CUT 


Check 
points 


Actual 
Errors 


Graphical 
Estimates 





X, O em O € 
0.55 +-0.017 +-0.020 
0.74 —0.019 0.017 
0.90 +0.018 +-0.021 
0.55 +0.017 +-0.017 
0.74 —0.019 0.018 
0.90 +0.018 +0.019 




















TABLE II 
DESIGN CONSTANTS FOR c <0.5, a> 10 
c X, X, u 
0.10 0.77 0.725 0.338 
0.25 0.86 0.840 0.255 








TABLE III 


FINAL DESIGNS AND ERRORS 
FOR LINEAR POTENTIOMETERS, c= 0 
a xX, b/a O em 
1 0.73 0.281 
2 0.73 0.304 
3 0.73 0.315 
5 0.735 0.312 
10 0.74 0.305 
over 10 0.74 0.311 


€m check points 

0.025 0.50 0.73 0.85 
0.022 0.50 0.73 0.85 
0.020 0.50 0.73 0.85 
0.019 0.55 0.735 0.90 
0.020 0.55 0.73 0.90 
0.019 0.55 0.74 0.90 




















TABLE IV 
FINAL DESIGNS AND ERRORS 
FOR LINEAR POTENTIOMETERS, a> 10 
c  o b/a V./V a &» €m check points 
0 0.74 0.311 1.00000 0.019 0.55 0.74 0.90 
0.10 0.77 0.338 0.90813 0.017 0.12 0.60 0.77 
0.25 0.86 0.255 0.79826 0.022 0.13 0.65 0.86 
0.50 — co 0.66445 0.032 0.21 — 0.79 
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But for large c the errors increase to minus 0.25/a. 
Therefore it is desirable to limit c to a maximum of 
about 2.5 to restrict loading errors to less than 0.15/a. 

Note that the maximum errors can be halved for 
all curves where the errors are essentially in one 
direction only. However, the resulting error curve 
will not pass through zero at zero shaft rotation. It 
is necessary to offset the voltage zero by the proper 
amount and in the direction of the maximum error. 
Thus the maximum error can be reduced to 0.125/a 
for large c and to 0.036/a for c equals one. 

To obtain these results, cither the shaft must be 
displaced from zero by the proper amount, or a 
suitable end resistor must be supplied with the 
potentiometer assembly. 





Error curves for finite c. Notice equal 0 gives same curve as 
Figure 1. Curves can be used for determining compensation 
when c is between 0 and 0.5 and a is greater than 10. FIG. 3 
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a > 10 


It can be shown that the approximate error expres- 
sions for large a are as follows, where u = b/a. Ex- 
pressions are required for three locations of the wiper 
contact X in relation to the compensating resistor 
tap X,. 

Below the tap, O < X < X, 

ae = X[X(1 — X) — (1 — X_)?/u) (6) 
At the tap, X = X, 

ae, = X,(1 — X.)[X. — (1 — Xo) /u) (7) 
Above the tap, X, << X < 1 

ae = (1 — X)[X? — X.(1 — X,)/u] (8) 

For convenience, Equation 6 can be rewritten as 
follows 


Compensation for c = 0, 


ae = X2(1 — X) — X(1 — X,)?/u (9) 

This equation can be interpreted as the difference 
of two curves. The first is the original error curve 
of Equation 2 and the second is a straight line with 
a slope of (1 X,)?/u. A similar interpretation 
holds for Equation 8, except that the slope has a 
value X. (1 — X.)/u and is negative. 

This analysis leads to a graphical method for de- 
termining the optimum position of tap X,, shown in 
Figue 2. The location of X, and the slope of the 
line can be altered so that the error at the tap is 
equal in magnitude but opposite in sign to the 
maximum errors above and below the tap. Both 
the estimated errors and the tap location X, are 
readable directly from the curve. 

The value of u can be calculated as follows. Let 
X, be the point at which the straight line intersects 
the original error curve. 

Then in Equation 6, 

aa =0 at X=X 
or 
(1 — X,)* b 


7 ae. a (10) 


From Figure 2, when Xo equals 0.74, X: equals 
0.676. 
Therefore 


(0.26)? , 
“> COE ieee 
b=0.3la 

To check the accuracy of this graphical method, 
the maximum errors were estimated from the graph 
for several values of X,; and compared to exact results 
obtained by machine calculation. This comparison 
is shown in Table 1 using b equals 0.31 1a for a equals 
10 and a equals 100. 

The estimated values for ae, are too low by 0.003 
for a equals 10, but differ only by 0.001 for a equals 
100. This means that the straight lines in Figure 2 
are really curved but that the difference is negligible 
for large a. 

By using this method, the slope of the lines and 
the position of the tap can be altered. 

If the tap X, equals 0.72 is chosen, the errors at 





and below the tap can be reduced to about 0.015/a 
while the maximum error above the tap increases 
to about 0.023/a. This might be desired where 
greater errors are permitted for large values of X, but 
smaller errors are required for small values of X. 
When the design constants are fixed as in Table 1, 
a given potentiometer can be used for any load ratio 
greater than 10 by switching in an appropriate resistor 
at the tap. Therefore, the design permits flexibility 
and interchangeability in a given computer setup. 
Compensation for 0 <c < 0.5, a > 10 


The same procedure for locating X, can be used 
for values of c between 0 and 0.5. An approximate 
error expression below the tap is equated to zero, 
resulting in an expression for u that is similar to 
Equation 10. This results in 


_ ¢+pa-X) _ db 
"a se (11) 


Drawing straight lines for the optimum error, the 
values given in Table II were read from the curves of 
Figure 3, while u was calculated from Equation 11. 

The maximum errors were estimated to be about 
plus or minus 0.0165/a and about plus or minus 
0.0215 /a for c equals 0.1 and 0.25 respectively. ‘These 
represent improvement factors of 9 and 7 over the 
uncompensated curves. 

Note that the resistor c is necessary in many 
designs to limit the voltage across the potentiometer 
to some specified value. It must also be remembered 
that the exact voltage V, must be used for the analog 
equation. The value for V, in the absence of b is 


a 
atac+ec 

but reduces slightly for finite b. The exact value of 
V, is given in Table IV, for a equals 100 only. 

Unfortunately, the use of the resistor b increases 
the linearity error for c greater than 0.5. This is 
because the original error curves change sign at this 
point, but the compensating effect of b does not. 


Compensation for c = 0, a < 10 


Typical error curves are plotted in Figure 4 using 
the exact Equation 1. Since there is now no straight 
line justification for plotting the values of u and X,, 
the following procedure is used. 

Assume the tap X, for a equals 5 is about the same 
as for a equals 10. Then calculate maximum errors 
at the tap, and below the tap for b/a equals 0.31. If 
these errors are not equal and opposite, choose a 
different value of b/a and recalculate. 

The results listed in Table III show that the 
optimum position of the tap X, varies only from 
0.74 for very large a, to 0.73 for a equals one. It is 
probable, therefore, that the tap X, could remain 
fixed at 0.735 for all values of a greater than one, 
providing the value of b is altered for the best fit. 
The check points listed in Tables III and IV for 
testing the maximum errors were obtained from the 
graphs of Figures 2, 3 and 4. 


iia ex? (I-X) 
o+X-k* 


Error curves for c equals 0 and a is less than 10. Since with 
low values of a there is no basis for plotting u and X, as a 
straight line, a trial and error procedure must be used. FIG. 4 


These final results can be extended to include all 
cases where a is between | and 10 while c is between 
0 and 0.5 by extrapolating the tabulated results. 


TOLERANCES 


Of interest are the tolerances on b and X, and 
their effect on the error ¢,,. Assume that ae, equals 
zero where X equals X,. Then from Equation 7 it is 
possible to derive the following: 

a 
us a amet (12) 


And at the tap 
Au — AX, 
* ” AdAl =Ag 

If X, equals about 0.75, the tolerance on X, is 
about four times as critical as the tolerance on u. The 
absolute value of the tolerances on X, and u depends 
on the degree of improvement required by adding 
resistor b. 

Direct calculation shows that a 0.64 per cent error 
in u results in an error of about 0.001/a when a 
equals 100. 

If aem can be allowed to increase by about 0.002, 
then a tolerance of about 1 percent on u and 0.3 
percent on X, is satisfactory. Actually, these tol- 
erances must be consistent with the linearity desired 
of the whole potentiometer assembly. 

The maximum theoretical error, ¢,, caused by b 
and X, should be approximately equal to the poten 
tiometer resolution or about | /3 of the potentiometer 
linearity, L. 

It must be remembered that the potentiometer 


(13) 
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resistance was normalized at unity. Thus, the value 
of u is really equal to the product of the resistor, b, 
and the potentiometer resistance, R, all divided by 
the actual resistance of the load, a. Therefore, any 
tolerance imposed on these quantities applies to u 
as well. 

Editor’s note: A simple change of variable makes the same 
analysis and graphical methods applicable to function poten- 


tiometers. Compensation designs for two typical functions 
will be discussed in the March issue of ConrRoL ENGINEERING. 
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SYNCHROMATION 


specific word and principle 


- oe 
ts 


Motor-driven chain conveyor interconnects semi- 
automatic loading-unloading devices on adjacent 
automatic lathe and dynamic balancer to provide 
synchronous transfer of finish-turned rotors to bal- 
ancer. Conveyor is controlled by limit switches 
actuated by monorail-supported rotor transfer car- 
riage used to load balancer. 
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Here is a word from the machine shop that 
describes a principle which control engineers in the 
fields of industrial processing, transportation and 
business data handling will recognize. Synchroma- 
tion is the act of synchronizing a series of unit opera- 
tions, wherever they occur. 

In an article appearing in their Dec. 20, 1954 issue, 
the editors ofp AMERICAN MACHINIST have this 
to say about the principle’s importance to their 
shopmen-readers: 

“Automatic {machine} operation can be achieved 
in a number of ways: by combining machine-tool 
elements, by designing special multi-operation ma- 
chines, or by synchronizing the functions of two or 
more standard machine tools. While automatic 
operation started, logically, at very high, specialized 
production levels, the principle . . . applies [broadly| 
at much lower [production] requirement levels. 

“Synchromation, we feel, is a word of encourage 
ment for the tool planner and methods man whose 
bread and butter is in a shop full of conventional 
machine tools; for the fellow who feels, in these days 
of automation, like a farm horse on a fast track.” 

To synchromate a line of machines, the methods 
men tie work loaders-unloaders together with auto 
matic or semi-automatic conveyors or other transfer 
devices and coordinate the output of the entire sys- 
tem. Machines arranged in such lines to provide 
sequential operations need not be of the same type 
and can be used for widely varying operations. Con- 
veyors and transfer equipment for synchromation be 
come a part of the manufacturing sequence and 
hence must provide regulated feeding of parts be 
tween machines. 





here is 


ELECTRONICS 
sed in Control? 


Once in a while it pays to skip the details 
and take a look at a complete field. 

So the editors of CONTROL ENGINEERING 
invite you to join them in a look at the ever 
increasing use of electronics in control. 

Some of the applications are new, others 
are not, but taken as a group they form an 
impressive sampling of things to come. 


tHE TREND TODAY in control applications, except 
where high power output is required or in hazardous 
locations, is toward electronic and electrical con- 
trol systems. Estimates are that industrial electronic 
control equipment will be a $100 million business 
in 1955. There are reasons for this. 

P A wide variety of transducers are now available 
that will give an electrical signal as a direct function 
of the measured variable—without intermediate 
mechanical converting elements. 

> Electronic control systems easily tie in with leased- 
line and microwave telemetering systems. 

> Electronic devices are inherently sensitive and 
have small dead bands. 

> Electronic devices are flexible. They offer all types 
of operational and computing functions. 

> I'ftective noise-filtering and rejecting techniques 
are known. More efficient use can be made of 
derivative or rate functions than in other media. 

> Environmental conditions do not affect properly 
installed wiring. Cold climates or moist atmospheres 
will not interfere with system operation. Also wir- 
ing run in conduit is easier to handle than tubing. 
> Inherent smallness and miniaturization trends per- 


mit complicated control systems to be efficiently 
packaged. 

Reliability has been one problem with electronic 
equipment. But with the development of reliable 
types of tubes, magnetic amplifiers, and transistors 
and with the use of reliable circuitry, this problem 
is being overcome. 

Actually, many systems have composite controls. 
Consider, for example, a flow-control system using 
electronic industrial process-control equipment. At 
the present there is no satisfactory electrical valve 
actuator because a motor that could drive the valve 
at the required high rates would be much more ex- 
pensive than the present pneumatic actuator. ‘Thus, 
while the basic control system is electronic, a power 
relay converts to a proportional pneumatic signal 
for actuating the valve. This is common practice. 

A variable-displacement electrohydraulic servo 
represents another type of composite control system. 
Such a system could use synchros as position trans- 
ducers and electronic tubes or magnetic amplifiers 
as the first stage of amplification. These control ele- 
ments drive either a servomotor through a gear 
train or a torque motor to directly position the 
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swash-plate pilot valve. Using several media in this 
manner enables the control system designer to in- 
corporate the best features of each type of control. 

Modern packaging techniques, such as plug-in 
construction and potting, and new methods of cir- 
cuit assembly, such as printed circuitry and Tinker- 
toy construction, are increasing the industrial ac- 
ceptance of electronic controls. Tubeless ampli- 
fers, either magnetic or combination transistor- 
magnetic, are also helping to break down the barriers. 

After this brief glance at some of the whys of 
electronic control, the remainder of this material 
will be devoted to specific applications, more or less 
divided into twelve industrial groups. 


AUTOMATIC CONTROL SYSTEM for a 
coffee roaster. A thermocouple is imbedded in 
the beans as they rotate in the roaster. At an 
exact end temperature, which has been corre- 
lated with color development of the beans, the 
electronic controller shuts down a solenoid valve 
on the fuel supply and opens a damper to ex- 
haust the roaster. After a preset time interval, 
another contact is made, which sprays the beans 
with water. When the beans have cooled to a 
preset temperature, the water supply is shut off. 
Systems such as these automatically operate 
whole batteries of coffee roasters in plants with 
fifteen to twenty roasters and up. 
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ELECTRONIC CONTROL- 
LERS plus accessories are control- 
ling the complete cycle of cooking 
retorts in a cannery. In this par- 
ticular cannery the product being 
cooked is mushrooms. Control is 
important in this application. It 
was found that the temperature 
had to be maintained within 0.5 
deg F in mushroom cooking. One 
canner lost $75,000 because of gov- 
ernment prosecution. His mush- 
room drained-weight was low be- 
cause of a few degrees overcooking. 





THIS INFRARED SPECTROMETER and 
associated equipment typify a general class of 
laboratory analytical instruments. It has a 
standard Perkin-Elmer single-beam spectrometer 
together with a control unit that sequences it 
through ten preset wave lengths. An analog-to 
digital converter produces absorbency values in 
raw numerical form. This information is read 
out on an electronic typewriter and also fed into 
a digital computer. ‘The computer solves the 
simultaneous equations necessary for complete 
quantitative analysis. ‘The next step in the 
application of instruments such as this would 
be to have this quantitative analysis compared 
with the desired analysis and use the difference 
to readjust the chemical process controls. ‘This 
would mean that rather than indirectly con 
trolling via temperature and pressure controls, 
the overriding control would be a qualitative 
and quantitative judge of the end product 


IN A PROCESSING PLANT, where reams of data must be 
recorded, the technique until very recently has been to have the 
operators run around and record this information on log sheets. 
If in addition, this data was required for calculations, it was 
sent to a calculating group who processed the data, either manu- 
ally or with a common business calculator. Recently several 
manufacturers have started developing automatic data-reduction 
and data-processing equipment. Shown here is a high-speed 
digital temperature logger manufactured by Fisher and Porter. 
It scans many thermocouples, converts the analog data to digital 
form and prints it on an automatic typewriter. The variable does 
not have to be temperature; for example, a single logger can 
scan 100 pressures, 100 flows, and 200 temperatures. 


RECORDER AND ELECTROMAGNETIC FLOWMETER. ‘This Foxboro flow 
meter will measure the volume flow rate of any liquid of sufficient conductance and 
velocity. When a conductive liquid passes through the tube, an alternating voltage 
is set up between two electrodes. This voltage varies linearly with the rate of flow. 
Since there is no restriction in the line, there is no pressure drop across this unit 
other than that resulting from the length of pipe. 





A Gyrosyn 
composs 


(@ 


Repeoter 
omplifier 


2 
a | 


Vertical 


INDICATOR 


AMPLIFIER 


AIRCRAFT GROUND-POSITION 


Elevotor trim 
fe] olny aie) 


MP 
RS 
Elevotor 


Amplifier 
assembly 


Servo control 
aalehael a 


generator) 


Rudder servo 
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COMPUTER 


INDICATOR designed and 


built by the Ford Instrument Co. This picture shows the system com- 
ponents. By putting in the magnetic heading from a gyrocompass, true 
air speed from an air speed computer, wind force and direction, and 
magnetic variation; plus the initial latitude and longitude at which the 
flight starts, this system continuously dead-reckons latitude and longitude 
throughout a flight. Information is set in prior to take off. The pilot 
circles back over the starting point and pushes the departure switch. The 
system is automatic unless winds or magnetic variation change. 
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ONE OF THE FIRS! 
BROAD-SCALE USES of elec 
tronic control was in aircraft, 
with the major advances being 
made during World War II. 
Notice the array of equipment 
that makes up a Sperry A-12 
gyropilot. ‘This electronic con- 
trol system not only flies the 
plane automatically between ait 
ports, but also, by means of a 
radio beam coupler, leads the 
plane automatically to the air 
port runway without pilot aid. 


GYROPILOT EQUIPMENT in 
stalled in a DC-6B. This is only one 
of the indicating, actuating, and con 
trol equipments on the flight deck 
of a modern airliner. Military craft 
are even more cluttered since they 
include also radar, gun control, and 
bombing equipment. 





THE NUCLEAR INDUSTRY 
PROGRAM would have been im- 
possible without the concurrent 
development program of auto- 
matic controls, since there are 
many operations that require 
cither remote operation or else are 
so complex that manual control is 
impossible. This shows a bank of 
Brown Instrument electronic re- 
cording and control instruments 
and the control console for the 
low-power research reactor at 
North Carolina State College. 


ULTRASONIC RADAR 

TRAINER built for the 

U. S. Air Force by Amer- 

ican Machine and Foun- 

dry. In this view, the in- 

structor-director is setting 

up a problem for a navi- 

gation-bombardier trainer 

from the control console. 

This console contains all 

the flight controls and in- ANOTHER DATA-REDUCTION 

struments necessary for CENTER. Ihe recorders handle 

the instructor to fly the data from aircraft, missiles, and com- 

aircraft simulator. — ponents. Leeds and Northrup data 
handling equipment is used. Center is 
located at the Bell Aircraft Corp. in 
Buffalo. Consolidated recorders arc 
shown on control console 


ELECTRONIC TEST EQUIPMENT is being used today in 
many industries, particularly in the aircraft and guided missile © 0 


program. ‘This control room for a jet engine test system was de- 


veloped by Ford Aircraft engineers in cooperation with Minne 
apolis-Honeywell. The engineer at the right can scan 96 readings 
of temperatures and pressure at different locations on the engine. 
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ANOTHER PHASE OF ELECTRONICS in the petroleum in- 
dustry is the use of microwave and multiplexed-telephone-channel 
telemetcring to monitor and control remotely located pipcline pump- 
ing stations. ‘The photograph shows microwave equipment for a ter- 
minal station and parabolic-reflector antennas for transmitting and 
receiving from several stations. ‘This equipment can start or stop 
remotely located pumps and open and close remotely located valves. 
It can also monitor pressure, flow, and other variables. These par- 
ticular units are by the Federal ‘Telephone and Radio Co. 
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PLATFORMING UNIT at 
the Rock Island Refining 
Corp. designed by Universal 
Oil Products. This is the first 
refining unit in the United 
States to be controlled with 
electronic instrumentation. 
Electronic control was used 
in this application primarily 
because of increased reliabil- 
ity under freezing conditions, 
elimination of tubing racks, 
and increased ultimate con 
trol sensitivity. 











GRAPHIC PANEL for Rock Island installation and typical Swartwout Electronic 
recorder-controller used in this system. Note that on panel, the recorder, controller, 
and manual control unit are separated to clarify the graphical presentation. 


COMPONENTS that comprise the Minne- 
apolis-Honeywell Electronic Moduflow home 
temperature-control system. ‘This system antici- 
pates changes in inside temperature that re- 
sult from changes in outside temperature, by 
having thermostats both inside and outside. 
Item 2 is the outside anticipating electronic 
thermostat that senses changes in the weather 
and signals for immediate adjustment. Mean- 
while the inside electronic clock thermostat, 
3, modifies the action of the outside control in 
accordance with varying indoor conditions. 
The electronic relay amplifier, 1, together with 
the cvcler, 4, are the “brains” of the system. 


AN ELECTRONIC CONTROLLER in this 
Westinghouse “Bride-Proof” range regulates 
a top-of-the-range heating clement. Pan tem 
perature is sensed by a thermistor balanced 
against a set-point pot in a bridge. Bridge un 
balance is amplified and used to actuate a relay 
that turns on the heating element. The control 
knob is divided into three operations; warm 
ing, boiling, and frying. When set in the warm 
or fry sector, the control functions strictly as 
a temperature control. When set in the boil 
sector, the control functions first as an auto 
matic pre-heater and then as a wattage control 
with a preset max:mum tempcrature, 











CIGARETTE MANUFACTURING MACHINE incorporating a Microfeed 
control system manufactured by the American Machine and Foundry Company. 
Control performs two functions—it measures tobacco density and adjusts the 
feed to maintain constant density, and it weighs each cigarette, rejecting those 
that are outside tolerance. ‘Tobacco density is measured by a pair of radioactive 
elements, one exposed to the cigarette and the other, for comparison, to a standard 
absorber. An electrical signal, proportional to the difference between the 
absorbency of the cigarette and that of the standard, regulates the tobacco feed. 
The weighing circuit consists of a dielectric bridge with a cigarette length of rod 
as one arm of the bridge. The signal from the bridge is compared with an upper 
and lower tolerance and the cigarettes are rejected if off weight. 


CONTROL ROOM FOR POWER GENERATING 

STATION, including boiler control panel, left, and turbine- 

generator control panel, front. General Electric Amplidyne ye 
controls output of main generator exciter. Exciter output ~ 


% 


; , , ‘ Seen eae 
is varied to maintain constant generator output voltage. 


SYSTEM OPERATING ROOM of a public 
utility electric company. Leeds and Northrup 
Speedomax instruments show the load condi- 
tions at the central stations and tie lines. 





FURNACE-CONTROL PANEL by LEEDS AND 
NORTHRUP. This integrated unit controls all the 
variables in the operation of a skelp-heating furnace. 
Combustion rate, temperature, fuel-air ratio, and 
furnace pressure are controlled to maintain a sufh- 
cient supply of skelp to the pipe mill. 

WIRE-REWINDING LINES individ- 

ually driven by Thy-mo-trol adjustable 

speed drives. Bobbins are at front and 

unwinding swifts at rear. Equipment is 

installed in Jones and Laughlin plant. 

Drives are by General Electric Co. 


ELECTRONIC SYSTEMS control the furnaces in 
which steel is produced as well as the mills that turn 
the steel into an end product. This shows a mod 
em control room for an open hearth furnace using 
Leeds and Northrup electronic control equipment. 


MAGNETIC -AMPLIFIER CONTROL TANDEM COLD-STRIP MILL installed at Pittsburgh Steel 
CABINETS for Pittsburgh Steel installa and controlled by Westinghouse’ magnetic amplifier units. 
tion. In this system, the operator closes the Indicating tensiometers on the first three stands of the mill give 
control loop by regulating the stand and the operators continuous indications of both total tension and 
rec] drives through the magnetic amplifier differential tension between the front and back of the strip. An 
bank. ‘Top mill speed is 3,100 ft per min. x-ray thickness gauge indicates strip thickness. 
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ELECTRONIC CONTROL PANE I 
for a punch press using Alden Prod 
ucts’ plug-in equipment. ‘The mainte 
nance man is getting ready to plug the 
electronic chassis back into the case. 
In this particular application, eight of 
these chassis can serve’ fourteen 
presses, since not all of the presses are 
used simultaneously. 


\ > 
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ADJUSTABLE SPEED-CONTROL SYSTEM 
on a cut-off die-press at the Fisher Body Works. 
This is a 30 hp Xatron system operating like 
thyratron adjustable-speed systems. Motor speed 
can be either programmed in accordance with 
press position or adjusted manually. 


SIGNAL OUTPUT from the duplicator sens- 
ing unit is interpreted electronically by this 
equipment to obtain the two-directional control 
function. In this particular application, steel 
mill roll machining time has been reduced by as 
much as 90 percent with reproduction accu 
racy within 0.001 in. 


$i 


ELECTRONIC DUPLICATOR on a Mackin- 
tosh-Hemphill Roll-Turning Lathe. This Ray- 
theon system has an inductive sensing unit and 
stylus that trace the contour of the template, 
giving signals that control the cross-feed and 
longitudinal-feed motors on the lathe. 
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AUTOMOBILE BODY PRESS using a 500 hp Re- 
liance forced-torque adjustable-speed control. ‘This 
press uses a two-stage de motor-generator control 
system to obtain high speeds of response. The field 
of a small first-stage generator is controlled by an 
electronic regulator from a mechanically programmed 
source. ‘The output of this first stage generator con- 
trols the field of the main drive generator, which is 
directly coupled to the main drive motor. By sub- 
jecting the field of the main generator to about 


cight times its rated voltage, its effective response 


time is reduced. ‘This permits the use of many dif- 
ferent speeds during one cycle of press operation. 


COMPUTER-CONTROLLED LATHE designed 
and used to machine gas turbine blades by the 
NACA in Cleveland. It uses a composite digital-ana- 
log control system. The input data is prepared 
from adaptations of the engineering drawings and 
punched into IBM cards. These cards feed into a 
summary punch, which reads them in sequence. An 
analog computer interpolates between the digital 
points to give a continuous analog output. ‘The 
analog output drives the lathe feeds through servo 
controlled drives. If similar pieces are to be ma- 
chined in the future, the input to the lathe can be 
recorded on magnetic tape. This is similar to the 
record-playback technique. Future pieces can be ma- 
chined by simply using the output of the tape. 


AUTOMATIC PUNCH PRESS that can be used 
for stamping out electronic chassis. It was designed 
by the General Electric Co. at Electronics Park. The 
location and size of the holes are coded into a 
punched card or tape. ‘This input information is fed 
to an electronic digital computer, which reads the 
cards and actuates control devices to position the 
chassis on two axes and to select the proper diametet 
hole punch. ‘This is a completely digital machine in 
that the coordinate positions are selected on a grid 
of lines, permitting precise hole location. Although 
an experimental model, the control system is now 
being refined for use on production machines. 


NUMERICALLY CONTROLLED MILLING 
MACHINE. Control system was designed and built 
at MIT. Three different motions are controlled on 
this machine to give the three dimensions. This is 
done in the following manner: a punched tape using 
binary notation is prepared from the engineering 
drawing. This tape is fed into a data-input system, 
which automatically sequences the various operations 
of the system. Then data-interpreting system sends 
pulses to decoding servomechanisms to produce the 
desired motions. The decoding servomechanisms 
convert the pulse-coded instructions into shaft rota 
tions that drive synchro transmitters and control the 
machine-drive servomechanisms. Similar systems are 
used for all three controlled motions. 
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MARINE COMBUSTION-CONTROL CUBICLE 
for a two-boiler installation. General Regulator equip- 
ment of this sort has been used on many of the giant 
sized tankers and on some of the Mariner-class ships. 
The center unit regulates fuel flow in accordance with 
steam pressure by manipulating a valve in the fuel oil 
line. ‘he two outside units control air flow to the 
boilers in the proper ratio to fuel flow. Wire contacts 
on the Bourdon tube and diaphragm primary ele- 
ments actuate telephone-type relays. Relay output is 
amplified and used to actuate a reversing starter. 
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RECORD-PLAYBACK CON 
TROL SYSTEM adapted to an 
American lathe by General 
Electric. On the record part of 
the cycle a machinist manipu 
lates the lathe as he would in 
manually machining the work 
piece. His motions are recorded 
on an Ampex magnetic tape by 
recording the output of svnchros 
on the axial and radial feeds. 
When the tape is completed, it 
can be plaved back and the lathe 
will automatically machine the 
part. The unit shown here is a 
prototype. Thev are currently 
manufacturing production mod 
els. Many companies are experi 
menting with s'milar techniques 





OTHER ELECTRONIC DEVICES ON BOARD 
SHIP can be classed as aids to navigation and steering. 
In this group are radar devices, gyrocompasses, gyro 
pilots, rudder-angle indicators, and steering systems 
and controls. For example, this gyroscopic compass 
manufactured by the Sperry Gyroscope Co. is a non- 
magnetic true-north directional standard that auto- 
matically settles on the true geographical meridian. It 
differs from similar previous compasses in that the 
electron-tube amplifier has been replaced by a maz 
netic amplifier. 





ANALOG COMPUTER REVIEW SERIES—I 


A Broad Look 
at Analog Computers 


The first of a series, this article develops 
the philosophy of analog machines, extend- 
ing it to include the digital. It makes a 
case for the ac electromechanical approach 
ifor control systems. Subsequent articles 
will deal with instrumentation of mathemat- 
ical operations, problems of synthesis, 
methods of error analysis, instrumentation 
of a regenerative computer, and applica- 


tions of available analog computers. 


WILLIAM ALLISON, American Bosch Arma Corp. 


‘THE GROwTH of a new field is controlled by its The power and applicability of the analog method 
innate potential, its timeliness of application, and has been firmly established and the spread of tech 
the level of its technological environment. nical information is proceeding almost explosively. 

Computers and automatic controls are in the early During World War II and the years immediately fol- 
stages of their growth. The potentialities are stag- —_ lowing, the technical growth of computers and con- 
gering, and, as to timeliness, systems can’t be built trols for military purposes was accelerated so that 
fast enough to fill the need. The major growth- — advances which might normally have required many 
limiting factors are, at one extreme, the level of the —_ years were made in just a few. Release of techniques 
sciences and techniques that must be applied, and at and components from military security classification 
the other extreme, the educational problem of in- revealed the existence of a full-grown technology 
creasing the number of practicing control engineers. | where previously there had been a group of more 
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or less disconnected theorems and techniques. 

In this phase as in the earlier exploratory phase, it 
is only natural that the proponents of one particular 
approach or another may fail to understand the rela- 
tion of that portion with which they are most 
familiar to the broad field of analog machines. ‘he 
conflicting claims made for various methods of at- 
tacking a problem seem to indicate discontinuities 
and contradictions in the new field. Nothing could 
be further from the truth. The multiplicity of pos- 
sible approaches to a given problem is rather an indi- 
cation of the rich variety and fertility of the field as a 
whole; an indication of its great potential. 


DIGITAL OR ANALOG 


An example of the apparent inner conflict in the 
field of computers is the controversy over the rela- 
tive merits of analog and digital methods. At first 
glance it does indeed seem that two separate tech- 
nologies are in competition for supremacy. A closer 
examination, however, reveals that the digital ap- 
proach is itself one specific class of analog instru- 
mentation. It deals with a group of problems that 
can be classified as number handling problems. Ex- 
amples of these are bookkeeping problems, account- 
ing problems, statistics problems, numerical-table 
storage and reference problems. One approach to a 
solution of these is to set up an analog of a number 
system and to instrument the rules of arithmetic for 
the manipulation of numbers. The orderly arrange- 
ments of counters and registers in a digital computer, 
and the methods of accumulation of aggregates is a 
direct analog ot the orderliness of number systems 
and the arithmetic methods of addition, subtraction, 
multiplication, and division. Thus, rather than con- 
stituting a flaw or discrepancy in the validity of the 
concept of analog operators, the high state of devel- 
opment of digital computers and machines is a dem- 
onstration of the scope of the more general category. 

At present some half-dozen principal approaches 
are available for consideration in instrumenting a 
solution to a computer or control problem. An 
examination of these possibilities in general, with a 
more detailed examination of one particular ap- 
proach, is the chief concern of this article. 

The general term “analog operators” can be de- 
fined in several different ways with equal validity. 
As used here it is intended to include not only a 
computer that operates on some form or representa- 
tion of information or data, but also the input and 
output devices. To use a familiar analogy, analog op- 
erators are not only the brain and nerve components 
of a system, but also the senses and muscles, which 
gather information and take action as a result of an 
orderly operation on the sensed data. The “analog” 
portion of the term refers to one of the fundamental 
principles of this technology: a condition or situation 
existing in the physical world or in the realm of ab- 
stract thought must, if it is susceptible of examina- 
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tion and understanding, behave according to some 
comprehensible set of rules or orders of precedence. 

If the rules or orders are known, an instrument 
can be constructed which will be governed in its 
actions by the same set of rules or orders. ‘That is, 
an analog of the physical problem can be devised to 
behave in the same manner as the original. ‘The 
solution, then, of the real problem results when its 
analog is set in operation and the results of its per 
formance are observed or recorded. ‘he power of 
this approach is obvious, since it effectively puts 
under the control of an operator the equivalent of 
phenomena that, because of time, size, intricacy, or 
danger, normally cannot be observed at will. 

Often, in analog operators, short cuts to instru- 
mentation are possible. If simulation of the phys- 
ical or logical behavior of a situation requiring 
analysis is cumbersome, then representations of this 
behavior in the form of equations may be instru 
mented and the solution of the equations examined 
for the information desired. 

The nature of an analog computer or control sys 
tem should be derived from a thorough examina- 
tion of the nature of the problem, from the factors 
controlling the utilization of the instrument, and 
from an open-minded inspection of the various pos- 
sible approaches to a solution. This statement seems 
self-evident. But there are scores of examples of 
systems designed according to principles having little 
or no relation to the problem. 


ANALOG DESIGN CONSIDERATIONS 


Size, weight, cost, reliability, ease of maintenance, 
power consumption, speed of solution, resistance to 
shock, vibration, and temperature conditions are 
only a few of the factors that must be considered in 
addition to the requirement inherent in the specific 
problem being solved. 

The basic methods available to the designer are 
grouped around the presently known methods of 
controlling power. Power control media have vari- 
ous points of superiority and limitation. ‘The listing 
presented here is far from all-inclusive, but covers 
methods which show most promise and which have 
been most fruitful to date. 

Mechanical methods of instrumenting computers 
and controls have the longest history in point of 
time, but have been hampered in the past by fairl 
serious lack of flexibility in power control. The 
earliest computers were mechanical, from the abacus, 
to the adding machine, to the first differential 
analyzer. Mechanical controls used in industry have 
been so numerous and diverse that it is impossible to 
do more than scratch the surface. 

The methods of control, however, have remained 
essentially the same in purely mechanical devices. 
These are: clutches, including linear and rotary posi- 
tive lock, ratchet, and proportional drive; cams for 
storage of fixed functions and for programming opera- 





tions; belts, pulleys, gears, and shafts for transmission 
of power and data for conversion of speed and torque; 
variable speed friction devices for multiplication of 
two variables and mathematical integration; mechan 
ical differentials for addition and subtraction; levers, 
pivots, and slides for multiplication, transmission, 
and derivation of trigonometric functions; and com 
binations of all the above. 

These comprise a useful and versatile set of tools 
for computer design, which is hampered, however, 
by the lack of a flexible means of power control in a 
purely mechanical system. In combination with 
other media such as electronics, magnetics, or electro- 
mechanics, usefulness of mechanics in computers 
and controls is retained at a high level. It should 


remain as one of the important tools of the analog 
system designer. 


PNEUMATICS AND HYDRAULICS 


Karly in the development of control systems it was 
recognized that gas-pressure devices were a flexible 
means of controlling power. The field of pneumatics 
grew around this principle. ‘The properties of gases 
make this area unusually rich in potentialities. For 
applications requiring large amounts of power to be 
delivered by a small power unit, high pressure pneu- 
matic drives are very nearly at the top of the list. In 
addition to the packing efficiency as power units, 
pneumatic amplifiers and sensing devices make pneu 
matics in many ways a strong competitor of electrical 
and electronic means in the field of automatic con- 
trols. In certain regions, however, gas pressure 
devices have drawbacks which have inhibited their 
use. For example, the compressibility of gases re 
sults in difficulties in stabilizing pneumatic closed 
loops. This drawback should, instead of discourag 
ing additional work, spur development to permit full 
utilization of the useful attributes of pneumatics. 
As in the case of the mechanical approach, pneu 
matics applied in conjunction with other media holds 
great promise. 

A medium for power control that is similar in cer 
tain respects to pneumatics is the field of hydraulics. 
Nearly the same versatility in delivery of large quan 
tities of power in compact units is available. In 
addition to the attributes of pneumatics, however, hy- 
draulics has an advantage in the low compressibility 
of liquids which eases the stability problem for 
closed-loop, or servo, techniques in control systems. 
The added drawback of leakage disposal somewhat 
encumbers the use of hydraulics in instrument type 
systems or where it creates a fire hazard. 


ELECTRICAL METHODS 


In the entire field of power control, the electrical 
medium is preeminent. Although other methods 
may have individual points of superiority, electrical 
techniques unquestionably best suit the requirements 


DIGITAL ANALOGS 
OF NUMBER SYSTEMS 


DECIMAL ANALOG 


Mechanical Decimal Counters 
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6 x 10,000 8x1,000+ 7x100+ 2x10 +5x! =68,725 


An analog of the decimal notation 68,725 


BINARY ANALOG 


Electronic Digital Counters 
$wvewevww 
©  ~ 

ON OFF ON OFF ON ON 


vy wl wl ry. 9 Viv wily 
Om, Ou O. % “7. 4 we ee 4 














128+64+32+0+ 8+0+ 2+ 1 = 235 





Reading equals 235 in decimal notation 


Each binary space is indicated 
by either. on or off; | or O 


Digital instrumentations of number systems owe much of their 
versatility to their high speed. Addition is basic. Subtraction 
is done by adding complements; multiplication and division, 
by continued addition and subtraction. FIG. 1 
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FOUR TYPICAL ANALOG 
COMPUTING PRINCIPLES 


ADDITION-SUBTRACTION ( eo. 





MULTIPLICATION-DIVISION (Linkage) 
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DIFFERENTIATION-INTEGRATION (Disc integrator) 
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Four mechanical devices, chosen for their simplicity, illustrate 
how the behavior of real elements can be analogous to math- 
ematical operations. Similar relations can be demonstrated 
with electrical, hydraulic, or pneumatic elements. FIG. 2 
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ot analog operators. ‘The range of control from 
mucrowatts to megawatts (a ratio of one-thousand 
billion to one); the precision of control; the ease of 
transmission of power and data; and the speed of op- 
eration (up to fractions of microseconds ) all contrib 
ute to the desirability of using electrical, electro 
mechanical, and electronic methods. It is safe to say 
that the technology of computers and controls would 
not have reached its present development without 
electrical power control methods. (See page 41.) 

Within the realm of electrical techniques there 
is a wide variety of approaches to individual prob 
lems. Each approach has its proponents and 
champions, and cach has its points of advantage. 
Here as previously, the point cannot be too strongly 
stressed that knowledge of all available approaches 
must be at the disposal of the system designers. 

It is pertinent to expand somewhat on the digital 
approach to solution of computer and control prob 
lems. It was pointed out earlier that digital tech 
niques are, strictly speaking, analogs of number 
systems. In fact markedly shapes the instrumenta 
tions in this area. In accordance with the structure 
of number systems in which fractional values are ex 
pressed as decimal or binary fractions, it is necessary 
in a digital system to recognize or manipul: ite only 
separate, discrete particles of information. This per 
mits an instrumentation based on certain mechanical, 
electronic, magnetic or other phenomena which exist 
in stable exclusive states. For example, a relay is 
either open or closed, a ferromagnetic element is 
saturated with either onlin or negative polarity. 
Additionally, the method of control of power in a 
digital device can be either an “on” or an “off” con 
dition which is well adopted to mechanical and elec 
trical methods. ‘This approach, then, by-passes the 
necessity that exists in non-numerical analogs of 
maintaining accurate proportionality. ‘This factor, 
in conjunction with the high speed of electronic dig 
ital computers, contributes to an extremely versatile 
and useful set of tools. Certain drawbacks in the 
digital method, such as the necessity in many cases 
for conversion from numerical answers to shaft posi 
tions, present impedances to dev elopment which will 
almost certainly yield to continued effort. 


ELECTRICAL VS. ELECTROMECHANICAL 


The broadest separation of electrical methods into 
categories probably occurs between the purely elec 
trical and the electromechanical, although separa- 
tion between de and ac methods is of nearly equal 
significance. 

In the region of the purely electrical (electrical 
and electronic) the principle field of application lies 
more in computation than in sensing and acting. In 
addition, the instrumentations most commonly en 
countered are dc rather than ac. 

The chief tools of non-numerical electrical com- 
putation are the operational amplifier, the linear 





amplifier, the summing amplifier, and diode function 
generators. ‘The capabilities of these systems in- 
clude the mathematical operations of addition, sub- 
traction, multiplication, division, integration, dif- 
ferentiation, and operations involving non-linear and 
arbitrary functions. The principle of operation is 
the utilization of the characteristics of resistors, capac- 
itors, inductors, and nonlinear elements that be- 
have, to a reasonably high degree of accuracy, in ac- 
cordance with simple laws expressed as mathematical 
equations. ‘These equations have their counterparts 
or analogs in the equations expressing the behavior 
of a large portion of the physical universe. 

Dec computers play an important role in the field 
of analog operators. Again, however, there are 
certain limiting deficiencies of this method. The 
absolute accuracy of computed results seldom goes 
beyond one-half of one percent. Also, since we are 
considering purely electrical systems, the input 
requirements and output action are limited. The 
main present use of this type of device is as a study 
or computation instrument. 

In the field of electromechanical analog operators 
we find the greatest scope and freedom from re- 
striction available at this time. In actual fact, nearly 
all present day systems, whether digital or analog, 
fall into this category. In this region we find the 
nearest approach to systems thinking that makes 
use of devices and concepts of whatever nature, gov- 
erned only by the usefulness and applicability of a 
component or approach. In this field has grown a 
body of knowledge and an array of components that 
form the mainstay of the analog technology. 

It is perhaps incidental, although of great im- 
portance, that ac devices are the backbone of the 
electromechanical approach. Good reasons, still in 
force, have dictated this direction of development. 
In the inevitable compromise in making almost any 
engineering selection the following factors have 
plaved an important part: 
> Analog operators require power and signal ampli- 
fication. Ac amplifiers are least critical to make 
and not subject to drift. 
> Servos require high resolution and low electrical 
noise in rotating transducers. Ac electromagnetic 
components have infinite resolution and minimum 
noise. 
> Reliability of operation requires long life expect 
ancy of components. Ac components are relatively 
immune to wear. 
> Isolation of circuits is a systems requirement where 
many signals must be added together. Use of trans- 
formers makes isolation a simple matter. 


>.Low impedance circuits reduce electrical pick up 


and transmission errors. Ac components allow low 
impedance levels throughout. 

These considerations have militated for ac electro 
mechanical systems, and the variety of precision com 
ponents available today is far greater in this area 
than it is in the area of de systems. 


THE FEEDBACK PRINCIPLE 


The techniques that have grown around the prin 
ciples of ac electromechanical analog operators are 
beyond the scope of this introductory article and 
will be treated in detail in subsequent articles of this 
series. However, no discussion of analog systems 
would be complete without some mention of servo 
controls and the importance of the feedback prin 
ciple. If any single element deserves credit for mak 
ing possible the achievement of modern analog svs 
tems, it is the concept of feedback as exemplified 
in servomechanisms and closed-loop systems. 

The heart of this concept lies in a very simple 
thought: if a requirement for action is presented to 
a servomechanism, by means of an electrical volt 
age for example, and if a measure of the degree to 
which the servo has complied with this requirement 
is made, then a comparison between requirement and 
achievement is possible. If there is any measurable 
difference, or error, in the performance of the servo, 
then a measure of this error is used to cause the servo 
to continue to operate in such a manner as to reduce 
this error toward zero. This simple principle, 
wherein action is controlled not only by a require 
ment but by the error in accomplishment has proved 
invaluable in bringing control systems to their pres 
ent high level of performance. 

This review of the means at the disposal of analog 
operator engineers is far from complete; there are 
possible thermal controls, optical controls, and elec- 
trostatic controls; and what is more important, com 
binations of all of these. ‘The approaches stated. are 
examples of the tools at hand for producing the tools 
for which we have a need. 


WHAT WILL THEY DO? 


And what specifically is this need? For an answer 
to that we must close the loop to include all potential 
users of analog operators. ‘lo state the need requires 
the individual, specialized knowledge of all com- 
merce and industry. Certain applications are obvi 
ous. automatic control in industry is an immediate 
application, military uses are well known and con- 
stantly expanding, and calculating machines are used 
everywhere. But can a computer estimate what 
size stock inventory is most economical? Can it re 
serve air transporation a month in advance? Can it 
smooth the impact of stock market fluctuations on 
the nation’s economy? Can it solve the problem of 
how much butter we will require next year? Can 
it give reliable weather reports? Can it re-route 
trains after an accident? Can it prevent the acci 
dent? Can it analyze and regulate vour production 
for optimum yield? Can it predict the price of furs 
or long staple cotton? Can it remind you of a dental 
appointment? ‘To all of these questions the answer 
is yes, as it is also yes to questions which have not vet 
been asked, and which must be asked by vou. 
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Regulate 
rorsepower 
Directly 








not by speed control... 


Controlling horsepower is a problem. Up to now it’s been done 


by controlling speed—an indirect and often difficult approach. 


This new transducer measures the product of speed and torque, 


which is horsepower. It’s direct, inexpensive, and reliable. 


OSCAR E. CARLSON, Servospeed Div. of Electro-Devices, Inc. 


HorsEPOWER is proportional to the product of 
torque and speed. In de motors horsepower is also 
the product of motor armature current and the 
generated back emf. 

Common methods of electroanalog multiplication 
do not yield a simple solution for this product. One 
of the variables must be provided as a position signal 
if the multiplication is to be performed directly and 
with inexpensive components. Getting either of 
these factors as a position signal, however, is probably 
not easy nor inexpensive. 

One of the many applications in industry that 
need constant horsepower drives is the takeup roll 
on a plastic-sheet-extrusion machine. Here, the 
need is for constant speed and tension on the plastic 
web as the takeup roll diameter increases. Motor 
torque varies directly with the diameter to keep 
tension constant, and motor speed varies inversely 
with the diameter to keep web speed constant. The 
motor’s torque-speed product, or horsepower, must 
therefore remain constant. 


The Usual Solution 


Figure 1 illustrates the usual solution of this 
problem. A movable roll, called a dancer roll, 
provides material tension and takes a position propor 
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tional to speed, which can actuate a feedback poten- 
tiometer. ‘The error in speed of the takeup roll 
causes an increase or decrease in tension, either lift- 
ing the dancer roll or allowing it to descend. 

In many applications, however, it is undesirable or 
actually infeasible to use a dancer roll; where, for 
example, adhesive materials that may not be touched 
are being wound, or where very high winding tensions 
require dancer rolls that are too heavy. Removal of 
the dancer roll may also remove a serious source of 
time lag from the control system. 

As stated, horsepower is proportional to armature 
current and back electromotive force. But back emf 
is proportional to speed of rotation. It follows that 
horsepower must be proportional also to the speed 
armature current product, and this is the basis for 
the horsepower transducer. 


The Horsepower Transducer 


A small generator driven at motor shaft speed will 
borrow negligible power if it supplies only a measur- 
ing circuit. If this generator is a dc shunt machine 
and its shunt field is excited by the drive motor arma- 
ture current, its output voltage is E — K@ S; where 
is the field flux if the iron is not saturated, S is 
shaft speed, and K is a constant. Below saturation, 





... but by 
actual 
horsepower 
control 


A direct horsepower control system using a de shunt 
generator to measure horsepower directly. FIG. 2 


Horsepower required at the take-up roll of FIG. 1 is determined by speed of web. 
Tachometer generator becomes the reference for this horsepower follower system. FIG, 3 


flux is proportional to the exciting current. 

If the drive motor’s output torque is linear with 
armature current, the generator output voltage is >= >Torque vs. speed 
proportional to the motor’s torque-speed product— 
that is to its horsepower. Actually, a motor’s torque- 
current linearity depends on the linearity of its 
magnetic saturation curve over the operating range. 
Nonlinearity of this kind can be compensated. But, 
even without compensation, the generator output 
voltage is proportional to the motor’s mechanical 
horsepower output within a few per cent. 

The generator output can be used as the feedback 02 
signal in a circuit like the one in Figure 2 to get 0.1 lemme 
constant horsepower from a drive motor. Or motor 6 ie : i 
horsepower can follow changing load requirements as ) o2 04 06 868 
indicated by a tachometer on a preceding drive motor Speed (Reine saeat area 
if web speed is varying, Figure 3. 


_5:/ speed ronge 
---" Constont hp = V5 rated Ap 


10:1 speed range 
_-- Constant hp ='/10 rated hp 
04 4 


Torque and horsepower 
(Rated values unity) 














Constant horsepower operating conditions for a de 
motor. Power derating is necessary since I/R dissi- 


pation of the armature is the limiting factor. FIG. 4 
The basie circuit and other details 
are the subject of a Patent Pending. 
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IV—BUSINESS DYNAMICS 


Engineering 


Here are the most significant books on the 


impact of feedback 


control, data-processing, 


cperations research, automation, cybernetics, and 
information theory on our economic enterprise. 


THOMAS J. HIGGINS, University of Wisconsin 


Solution of a grave economic problem stemming 
from increasing automation through use of feedback 
control theory comprises the main thesis of 
“Mechanism of Economic Systems: An Approach 
to the Problem of Economic Stabilization from the 
Point of View of Control System Engineering,” by 
the well-known British control engineer and teacher, 
Arnold Tustin.' Essentially, ‘Tustin’s work considers 
the feasibility of obviating the cyclic boom-depres- 
sion-boom trend of economic systems by incorporat- 
ing stabilizing features suggested by control engineer- 
ing, and the subsequent study of such a system by 
frequency-response analysis and analog computers. 

The book has eight chapters. ‘The first stresses 
the importance of the problem of economic stailiza 
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tion, that economic systems are essentially nonlinear, 
and the pitfalls that beset prediction based on as 
sumptions of linearity. The second outlines some 
half-dozen of the simpler Keynesian models which 
have been proposed for investigating the main fea- 
tures of economic structure, and physical analogs 
thereof. The third is a 66-page delineation of fre- 
quency-response feedback analysis. ‘The fourth elab 
orates on the simple models to obtain the more 
realistic models necessary to significant quantitative 
results. The fifth discusses the importance of sig- 
nificant nonlinearities in economic systems and the 
consequent shortcomings of information stemming 
from linear models. ‘The sixth briefly sketches cer 
tain types of computers pertinent to the problem 
under consideration, with special reference to those 


which can handle nonlinear effects. The seventh 





considers the possibilities of actually realizing a com- 
puter adequate to study of a realistic economic sys- 
tem. ‘The last is two pages of content and intent. 
As a book which predicates that the behavior of 
cconomic systems, if represented by qualitatively- 
correct models, can be predicted and controlled by 
the analysis and tools of control engineering, ‘Tustin’s 
text ought prove of absorbing interest both to the 
control engineer (especially if he has passed into 
management) and to the management man who 
possesses the knowledge of simple algebra and 
elementary calculus necessary to understanding of 
the frequency response analysis used in the book. 


DATA-PROCESSING 


Tustin’s book envisions study of economic systems 
in the large, through use of the analytic theory and 
analog computing devices developed in modern auto- 
matic control work. Automatic control technique, 
digital computers and associated equipments can be 
employ ed with great benefit in the conduct of parti- 
cular business enterprises, or parts thereof, which 
require processing of large volumes of data. ‘Thus, 
a purview of one such possibility is encompassed in 

“Electronics—New Horizon in Retailing: The 
Application of Electronics in Retailing: The Appli- 
cation of Electronics and Electromechanical Systems 
to Retail Control.”* For the most part, however, 
the control computer engineer or menagement man 
interested in data-processing must seek information 
in the periodical literature—in such significant 
studies, for example, as those by Clippinger and his 
associates.* Bibliographies of pertinent articles can 
be obtained from most of the companies manufac- 
turing modern computing machinery—as, _ for 
example, that* compiled by IBM. 


STATISTICAL DECISION 
AND OPERATIONS RESEARCH 


Modern large-scale computing machines provide 
the tools necessary to analysis of problems pertinent 


to industrial corporate decision. ‘They can join game 
theory and operations research theorv. In these 
approaches statistical theory, rather than Laplace 
transform theory, comprises the main analytic tool. 
The engineer interested in industrial control cannot 
start to read works in these fields with the same ease 
as he can read Tustin’s book.! In fact, there is yet 
no book on game theory suited to the reeds of the 
engineer or management man. The published books 
by Von Neumann and Morgenstern’ (who originated 
the modern treatment), McKinsey,® ard Blackwell 
and Girshick* are rather pure mathematical treat- 
ments of the general theory; and that by Charnes* 
is highly specialized in nature. In general, ore seek- 
ing an introduction to this field can best turn to the 
recent, interesting popularization by Williams.* 
Somewhat the same case prevails in the broader 
domain of operations research, which overlaps game 


theory in some measure. Depending on specific 
interests, however, one can gain a fair introduction 
through Morse and Kimball’s'® “Methods of Opera 
tions Research’” or Andlinger’s,'' “Operations 
Research: Challenge to Modern Management.” ‘The 
former authors are physicists at MIT, hence write 
from a technical point of view. The latter advances 
a report written by a group of nine second-year 
students in the Harvard Graduate School of Busi- 
ness Administration. It deals with the application 
and future of operations research in business and 
management. In particular, Chapter 8, “The Rela- 
tions of Computers to Operations Research” wherein 
discussion is supported by illustrative examples, 
should be of interest to the computer engineer. 


CONTROL IN INDUSTRY 


The conjunction of industrial electronics, automa 
tic control, analog and high-speed digital computers 
is predicted to result in profound changes in the 
conduct and economics of industry, commerce, busi 
ness and finance. Diebold’s'* “Automation: The 
Advent of the Automatic Factory” is primarily an 
essay on the business outlook for automatic control, 
with attention to how the technological develop 
ments can be useful to the business and manage 
ment man. It discusses important economic and 
social effects of the new technology. 

As this discursion is both brief and—of course— 
speculative, the interested management man can 
complement it by considering the somewhat dif 
ferent conjecture as to the eventual effects of auto- 
matic control which are encompassed in the well- 
known books by Bellamy,’ Wells,"* and Huxley;" 
in Vonnegut’s'® recent book detailing the card- 
programmed, IQ-sorted active-engineer and passive 
worker state of the future; and Mead’s'* just-pub- 
lished text on the electronically-sensed man of 
few decades hence. Both these socially-significant 
works couched in fictional form and Diebold’s book 
are complemented in the nonfictional, well-docu- 
mented books by Wiener'® and Strehl."® 


CYBERNETIC AND 
INFORMATION THEORY 


In somewhat the same vein that Tustin has con 
cerned himself with the role of feedback control 
theory in economic systems, Norbert Wiener?’ has 
concerned himself with the role of feedback control 
in its biological aspects—thus founding cybernetic 
theory. The originality, penetration, and import- 
ance implicit in his classic book, “Cybernetics: or 
Control and Communication in the Animal and 
Machine,””! is manifested by the translations in 
French,”* Italian,?* and other languages. 

The control engineer will find a considerable 
interest in Latil’s,24 “La Pensee Artificielle: Introduc- 
tion a la Cybernétiqre,” which is shortly to appear 
in English. An excellent text, complementing both 
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books is Ashby’s,** “Design for a Brain” which 
details attempt “to solve the specific problem of the 
origin of the nervous system’s unique ability to 
produce adoptive behavior’ and wherein feedback 
stability theory is employed as a dominant analytic 
tool. Finally, in a more popular vein, Flesch’s** 
“The Art of Clear Thinking” includes some interest- 
ing chapters on robots, computers and cybernetics. 

“Information Theory in Biology’?* comprises 19 
lectures and discussions from a symposium conducted 
in the summer of 1952 under the auspices of the 
Control Laboratory at the University of Illinois. 
“La Cyberneétique; ‘Theorie du Signal et de I’ Informa- 
tion”*s contains papers by 19 outstanding workers, 
mostly French, who discuss cybernetics relative to 
its significance in transmitting information in elec- 
trical systems. These two titles indicate that, in fact, 
no sharp distinction exists between cybernetic theory 
and information theory, and that these share much 
in common, whether biologic or electric aspects are 
under study. Obviously, the biologic aspects are of 
prime interest to the control engineer who must con- 
cern himself with human links in system design. 

The control engineer particularly interested in 
the electrical transmission of information will find 
an excellent introductory account in Bell’s “Informa- 
tion Theory and its Engineering Aspects.” With the 
background thus gained, he can then read the excel- 
lent, higher-level text by Goldman,®° the rather 
specialized work by Woodward,*! and the classic 
texts by Shannon and Weaver*? and by Wiener.** 
Inasmuch as statistical theory is a prime tool in 
information theory, a reading of Bell’s,** “Statistical 
Methods in Electrical Engineering” can be recom- 
mended to the engineer seeking a good introduction 
to this branch of analysis. 
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LECTRONIC 
NALOG 
IMULATION 
QUIPMENT 


MORE THAN A 
COMPUTER! 


EASE (Electronic Analog Simulation Equipment) by BERKELEY serves 
systems engineers at every step from design through operation. 


For systems design, new EASE pushbutton- controlled computers offer the 
fastest, most convenient problem set-up and computer operation available today. 


For systems development, EASE speeds evaluation and testing by simulating 
parts or all of the system, accurately predicting performance before construction. 


For systems control, EASE components such as d.c. amplifiers, electronic 


function generators, electronic and servo multipliers, and servo-resolvers serve in 
the system itself. 


Take advantage of the proven performance, reliability, extremely high accu- 
racy, and reasonable cost of EASE computers and components. Write BERKELEY, 
specialists in electronic analog equipment, for authoratative information; 
please address Dept.L 2. 








Berkeley 


INDUSTRIAL INSTRUMENTATION AND 
CONTROL SYSTEMS + COMPUTERS + COUNTERS + TEST INSTRUMENTS + NUCLEAR SCALERS 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND 3, CALIF. 








Latest EASE Components 


Model 1032 Receptacle-Contro!l features 
centralized pushbutton control of prob- 
lem solution, coefficient setting, monitor- 
ing. Master or slave control, repetitive or 
non-repetitive. Large capacity — handles 
50 amplifiers, 16 multipliers, 102 pots, 10 
diodes; has 126 blank contacts for other 
equipment, 40 interconnections for second 
computer. Rapid set-up patchboard with 
positive-contact lock device. Rack or con- 
sole mounting. Early delivery, reason- 
able cost. 


Model 1048 D.C. Amplifier is high preci- 
sion compact plug-in type featuring chop- 
per stabilization for low drift (less than 
100 u volts referred to summing junction), 
greater than 2 x 10° gain, less than 0.01 
ohm output impedance, excellent fre- 
quency response, high power output with 
large voltage range. Ideal for recorder 
or scope pre-amp, servo systems, general 
laboratory use, etc. Price only $175.00 
F.O.B. factory. 
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WHAT'S NEW AT BRISTOL . « « 


BRISTOL’S “HUMAN-ENGINEERED” METAGRAPHIC RECORDER, with its easy-to- 
read scale, high-visibility fluorescent pointers and shadow-proof door has 
earned the distinction of being the “biggest little instrument in the business.” 


Instrument men call Bristol’s METAGRAPHIC Recorder 


"+ the biggest little instrument" 


Sounds contradictory, but it’s true. Take a look at 
one of our new METASRAPHICS mounted on a panel 
board alongside of other instruments. The Bristol unit 
stands out — seems bigger than the rest — although 
chances are it’s actually smaller (5” x 5%”). The 
answer is that the Bristol instruments have been 
“human-engineered”, making them easy to read, and 
clearly visible at greater distances. 

The air-operated METAGRAPHIC, which records 
pressure, temperature, vacuum, flow, differential 
pressure, and liquid level, offers these big advantages: 


SIMPLICITY . . . fewer moving parts, fewer adjustments, 
and less service'required. Range changes can be made 
in seconds. True plug-in service. 


BRISTOL 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING 


CONTROL 


ENGINEERING 


CONTINUOUS VALVE-POSITION INDICATION .. . on 
same instrument scale as set-point scale, gives con- 
tinuous data on control valve position—makes “bump- 
less” transfer possible simply by matching pointer 
positions — no need to read actual scale values — 
minimizes reading errors — speeds operations. 


CONTINUOUS OPERATION .. . complete unit can be 
retracted for inking pen, and for set-point and zero 
adjustment without disturbing record or control. 


Get the whole story on the “human-engineered” 
METAGRAPHICS — how they can help you get more 
accurate measurements, faster and easier. Write us 
today. The Bristol Company, 101 Bristol Road, 
Waterbury 20, Conn. 


POINTS THE WAY IN aie 
HUMAN-ENGINEERED INSTRUMENTATION 





INSTRUMENTS 


IDEAS AT WORK 


If Washing Machines Sell Turbines, 
Cash Registers Can Sell Computers 


Here are digital input devices being sold to buyers, some of 


whom, at least, still think that all robots are in Hollywood. 


As far as department store buyers “BASIC 
are concerned, this equipment is just ere 
a medium-high-priced cash registet ORIGINAL ETI oe 
with a few extra features. But these oe 


features are important: all data rela- TELECOMPUTING ‘ ha 





: : TELECOMPUTING | 
tive to the sale (price, clerk number, POINT O SALE { POINT O'SALE 


KEY BOARD san autem 
tax, department, etc.) are automat- TELECOMPUTING ] . REAG 
cally recorded on punched tape at the MANUAL ENTRY POINT O'SALE | 

. : TAP 
time of the sale. Of almost equal im [ SOME TYPES OF DATA APE PERFORATOR 


| 

eC > : . CLERK SALES NO. | PART NO 1 
portance is the fact that most of this mamnacTean | Tanasnacnoe) amanans wate i 
1 

| 

i 














AUTOMATIC ENTRY 
PRECODED PUNCHED TAG 
[SOME TYPES OF DATA 
MFGR. | POLICY NO 
STYLE | PAYMENT NO. 
SIZE | CUSTOMER NO 





ane , a > . . QUANTITY TIME IN 
information is automatically fed into Seocmprien | tuak oon ( cata weut ) 
the system, including the cash regis CUSTOMER 

dhs : NUMBER COLOR | PART NO 
ter’s sales receipt, by a punched price DEPT. | EMPLOYEE 
tag. ‘The clerk must manually includ« ——— af Er 
her number and other information ( DIRECT TRANSMISSION ) © 
peculiar to that particular sale, but ntinescinrcapagiiaade 

° 7 ae ci eZ 
xrice and inventory data are entered TELECOMPUTING TELECOMPUTIN | PUNCHED CARD 
; ‘ ELECTRONIC DATA TAPE T 6 oat 
almost instantaneously with the in siti PROCESSING |SYSTEM CONVERTER: “systems 
. o* S —_ - —E L 
sertion of the tag into the reader. DRUM | MEMOR — 

a i er . CORE 
With this feature, ‘Telecomputing — MANAGEMENT REPORTS 
Corp. has a product attractive to a very COMPUTER UNIT CONTROL 

‘ SA 
dollars-and-cents-conscious market. HIGH SPEED : SALES ANALYSIS 


MAGNETIC TAPE PRINTERS PRODUCTION CONTROL 


OUTPUT 
PAPER TAPE DEVICES “J ELECTRIC INVENTORY 
BONUS INPUTS TYPEWRITERS COMMISSIONS 
ETC 
































Its ability to integrate with a com 
puter-operated accounting system is 
offered almost as a bonus. At present, by first introducing equipment that Lhe significance of introducing con- 
purchasers must have punched card economically stands on its own feet, trol svstems bit by bit rather than as 
equipment to use effectively the and vet clearly forms the foundation a costly and employee-upsetting sys- 
punched tape record produced by the of possibly extensive control systems. tems carthquake is worth noting. 
“Point O’Sale” units shown in the 
figure via tape-to-card converters. ‘This 
restricts the market for Telecomput 
ing to rather large organizations, but 
retailers of the “minimum” size exist 
in numbers of at least a few thousand 
in the United States today. 

What is illustrated in the photo 
night, theoretically, be in one case, 
since it is intended that the units 
operate together. But for reasons 
of servicing convenience, location flex 
ibility, and ease of installation, the 
punched tag reader, cash register re- 
ceipt unit, and punched tape recorder 
are in their own cabinets. 

Telecomputing’s concern is prima 
rily with data handling. They see the 
need for input mechanisms to auto- 
matic-control and data-processing de- 
vices as having parallel importance to 
the development of the computers and 
systems themselves. Perhaps they are 
using a “foot in the door’ approach 
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preferred... 
where top performance is essential 


‘Doelcam_ 


Master-precision Synchros 





Once for ounce and inch for inch 


DOELCAM Master-precision Synchros are to- 
day’s ultimate in accuracy and reliability for 
electrically transmitting angular position in- 
formation to remote locations. All perform- 
ance criteria are guaranteed to equal or 
surpass the stringent requirements of the lat- 
est Military specifications. For applications 
requiring highest performance such as use in 
servomechanisms, computers, automatic 
pilots, airborne radar, etc., DOELCAM Master- 
precision Synchros are proven components. 
Many thousands in sizes 11 through 31 have 
been delivered under Prime Government 
Contracts. Now, the added facilities of our 
new plant enable us to make these Master- 
precision units available wherever top per- 
formance is essential. Your inquiry is invited. 

Write for Bulletin S$ 34 


‘Doelcam_ H | 


A DIVISION OF MINNEAPOLIS-HONEYWELL 


Instruments for Measurement and Control 
Synchros * Gyros * Servos * Microsyns * Servo Motors 
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IDEAS AT WORK 


Are Precision Potentiometers Really Linear? 


The accuracy of an analog computer depends on the linearity of 


its components. Here’s a machine that records a continuous plot 


of potentiometer linearity error—at 0.01 


Precision potentiometer linearity tester. Ten-turn pot in center 
is driven by retractable collet held by electromagnets. 


per cent full scale. 


a 


Bs 


FIG. 1 


EINO LARU, RAWLEY D. McCOY, and PERRY A. SEAY, Reeves Instrument Corp. 


One of the most common precision 
components in analog computers is 
the potentiometer. Design require- 
ments for computing potentiometers 
may call for linearity accuracies of 
0.01 per cent. Linearity requirements 
are usually much more severe in com- 
puter applications than are actual re- 
sistance tolerances. Hence, where 
many such precise potentiometers are 
involved, it is most desirable to have 
a quick and reliable way for checking 
linearity against design requirements. 

Another characteristic of special 
interest in some applications is rate 
error. This becomes critical in com- 
puter circuits in which the output 
voltage from a potentiometer is differ- 
entiated to compute a rate. 

Reeves Instrument Corp. purchases 
precision computing potentiometers 
in quantity lots for various computer 
applications, both military and civil- 


ian. They use the precision poten- 
tiometer test set shown in Figure ] 
to test high-precision potentiometers 
before their installation. It checks 
both linearity and rate simultaneously. 
Error curves are plotted as functions of 
potentiometer shaft rotation. 

The basic circuit of the Pot Test 
Set is shown in Figure 3 (next page). 
The potentiometer under test is com 
pared with a standard compensated 
potentiometer in a_ conventional 
bridge circuit. A specially made high- 
resolution potentiometer is used for 
the standard reference. It is 7 in. in 
diameter, has 40 turns and is linear 
to 0.025 per cent before compensa- 
tion. Its accuracy after compensation 
exceeds 0.003 per cent. 

The voltage between the test po 
tentiometer arm and the arm of the 
standard potentiometer is the linearity 
error in the test potentiometer. A 


oscillograph below records linearity errors. 


as 


The calibration panel of the linearity tester. The 


FIG. 2 


high-input-impedance amplifier pre 
vents loading the arm of the test po 
tentiometer and drives a dual-channel 
amplifier whose outputs represent the 
linearity error and its derivative. 
These output voltages are plotted 
on a dual-channel recorder. 

Ihe standard potentiometer, test 
potentiometer, and compensating 
mechanism are driven by a rate servo. 
Their speed is such that the 40-turn 
travel of the standard potentiometer 
ind the total rotation of the test po- 
tentiometer are always completed in 
Although the mechanical 
setup permits the testing of poten- 
tiometers having 1, 3, 10, 15, 25, and 
40 turns, the running time of a test 
is alwavs 30 sec 

Details of the complete circuit 
of the Pot Test Set are shown in 
Figure + (next page). A novel feature 
of the circuit is the compensation 
scheme. Linearity of the master poten- 
tiometer is corrected at each of 180 
points in its complete travel of 40 


50 sec 
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Adlake relays require no maintenance 
whatever are quiet and chatter- 
less...free from explosion hazard... 
dust, dirt, moisture and temperature 
changes can’t affect their operation. 
Mercury-to-mercury contact gives ideal 
snap action, with no burning, pitting 

or sticking. Time delay characteristics 
are fixed and non-adjustable.- 
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turns. Fundamentally, the compen- 
sation is performed by algebraically 
summing a small correcting voltage 
in series with the voltage on the arm 
of the potentiometer at each of 180 
calibration points and providing a 
linear imterpolation of the error be- 
tween these points. 

The compensation circuit includes 
a 30 k continuous rotation interpola- 
ting potentiometer, tapped at three 
equally spaced points designated A, 
B, and C. Associated with each of 
these three points is a 60-point se- 
lector switch, which selects the ap- 
propriate compensation voltage to be 
added between the arm of the master 
potentiometer and ground. 

A Geneva mechanism between the 
interpolating potentiometer and the 
three selector switches controls the 
sequence in which the selector 
switches are operated and moves the 
switches in steps rather than continu- 
ously. The voltage appearing at 
point C, for example, is switched 
when the arm of the interpolating 
potentiometer is midway between 
points A and B. There is no switch- 
ing transient, since the voltage at 
point C does not appear in the correc- 
tion circuit at this time. The calibra- 
tion potentiometers are adjusted to 
split the errors and thus reduce the 
magnitude of the maximum error 
that may exist at any intermediate 
point. This compensation scheme 
leads to an accuracy of better than 
0.003 per cent. 


Stondord 
potentiome ter 


Compensoting 
mechanism- 











Tester is basically a simple bridge circuit. 40-turn standard 
is 0.025 per cent pot, compensated at 180 points to give 


linearity of 0.003 per cent. FIG. 3 


More complete circuit shows how small compensating volt- 
ages are stepped around 1-turn, continuous winding inter- 
polating pot, to give effectively continuous compensation to 


standard. FIG. 4 


rTest | 
} potentiometer 
‘ 


A quick test procedure checks the 
accuracy of the linearity checker. A 
double shaft extension test pot of 
unknown but low tolerance is checked 
and an error curve obtained. The 
test pot can then be turned end for 
end and checked again. ‘The two 
curves should be identical. Any dis- 
crepancies represent errors in the 
standard, provided the test pot has 
low hysteresis. Using this check, the 
test set repeats within 0.002 per cent. 

Test runs can be made in either 
direction of rotation. ‘Tests made in 
both directions reveal hysteresis in 
the test potentiometer as a difference 
in level between the curves made by 
the recorder. 


RATE ERROR MEASUREMENT 


The measurement of pot rate error 
presented a problem. ‘The most direct 
procedure would be to drive the test 
pot at a constant speed, differentiat« 
the output, and subtract a constant 
proportional to the calculated rate 
from the derivative. The remaining 
voltage would be the rate error. This 
arrangement would require a very pr¢ 
cise constant speed drive and a com- 
plex high precision differentiating dc 
vice. It would also be difficult to 
operate while bringing it up to speed. 

In the test set the pot rate error 
is measured indirectly but precisely. 
I'he rate error is obtained by differ- 
entiating the pot error. This gives 
results equivalent to those obtained 
with the procedure just described. 





Standard 
por. 


Error 
chonrel 





derivative | | 


channel | | 


Dual -channe/ 
recorder 
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Proof is as follows. Where e, is 
the test pot output voltage, e, is the 
rate error and K is a 7 
tional to the rate, then by definition; 


de, . 
= — K 
. dt 
In the procedure used, rate error is 
taken to be 


where e, 


is the standard pot output 
voltage. 


Since 


d de; de . 
dt , dt 


ind since 


de, . 

dt K 
then for a constant speed drive, Equa 
tion 2 is equivalent to Equation |. 
his system permits far less accu 
rate components to be used, since 
only the error signal is differentiated. 
In the test set, error differentiation 
takes place in a simple R-C circuit. 
The recorder calibration is such that 
the peak-to-peak voltage plot repre- 
sents a per cent of the derivative of 
the standard potentiometer voltage 
time gradient. ‘This gradient is 100 
v. per sec. The time constant of the 
crror-derivative channel is 4 sec. de- 
termined by the application for which 
the potentiometers are to be used. 
Other time constants could be used. 


Error 
channel 
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OUTMODES ALL OTHERS 


for Throttling Control Service 


... CONOMOTOR 


Conoflow is unbiased in evaluating the relative merits 

of the Cylinder Conomotor over spring-and-diaphragm and 
springless diaphragm motors. Conoflow makes all three. 

But look at the chart below . . . There’s not merely an “edge”’, 
but a wide margin of superiority in the Cylinder Conomotor 
...in weight . . . in compact size. . . 

in speed of operation . . . stem travel .. . and thrust. 

No other operator surpasses it for positioning accuracy 

and stability of operation. Diaphragm breakage is eliminated 
and maintenance is greatly reduced. It’s easy to convince 
yourself. Just try one or several ... and you'll standardize 
right down the line on Conomotor Series LB Control Valves. 


(COMPLETE DETAILS IN CATALOG LB-1) 
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B-10-TM B-12-T Springless 
MODEL Spring & Diaphragm | Diaphragm Motor 
Motor 





PISTON OR EE 
DIAPHRAGM AREA 50 square inches 





THRUST 750 lbs. 1250 lbs. 





STEM SPEED 12 seconds 10 seconds 





TRAVEL 4 134” 





MAXIMUM ; 
SUPPLY PRESSURE 30 psi 30 psi 





WEIGHT 45 lbs. 45 lbs. 





1134” dia. 114%" dia. 
1634" height 1434” height 








oned, Te} a Wek’ Morel fd 20] 7 ware), | 


FOREMOST MANUFACTURERS OF FINAL CONTROL ELEMENTS 


2100 ARCH STREET. PHILADELPHIA Sere. 
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IDEAS AT WORK 


The Digital Commutator Reads Panel Gages 


Here’s an idea that lets a digital 


computer or a recording system read 


an ordinary panel 


pressure gage 


to the precision of the gage itself. 


J. D. HUMPHREYS, 


Pacific Div., Bendix Aviation Corp. 


[he growing use of digital compu 
ters and data-telemetering systems has 
led to the development of adapters for 
the simple analog kind of indicating 
instruments. These adapters make use 
of the odd-looking digital commutator 
discs that are becoming better and 
better known these days. 

Such commutators have _ several 
tracks and a brush for each track. The 
brushes are aligned across a diameter 
of the commutator. The pattern is 
designed so that at any position of the 
dics the brushes contact a binary code 
that is unique for that position. 

The code is not the natural binary 
code where the succeeding numerals 
proceed in logical arithmetic fashion, 
but a special minimum-error code, in 
which only one of the brushes changes 
its binary state in going from one num- 
ber to the next. This means that 
positioning of the brushes on the edge 
of a segment can cause a coding error 
of only plus or minus one number. 
Use of the natural sequence of binary 
numbers on such a commutator can 
produce extremely large coding errors 
if all brushes do not change segments 
in exact synchronism. 

The first instrument adapted for 
digital coding was a Stewart Warner 
Model 870 magnetic tachometer, 
0-4,000 rpm with a 44 in. dial face. A 
low-inertia coded disc was attached to 
the dial pointer shaft, and the signal 
brushes were poised close to the dics 
without touching it. For a reading, 
the brushes were pressed to the disc 
by a solenoid for about 20 millisec. 

The disc inertia was kept as low as 
possible to retain the dynamic re- 
sponse of the instrument. The code- 
disc surface was kept flat and perpen- 
dicular to the pointer shaft axis. This 
assured balanced brush pressures for 
anv position of the code disc and pre- 
vented “kicking” of the disc when the 


This second model is a digitalized pressure gage. It uses a 
seven-digit binary code and can read the gage to 1 psi. 


brushes were released. ‘lhe brushes 
were made adjustable so that they 
could be positioned accurately on the 
horizontal diameter of the disc. ‘They 
did not rotate. 

Electrical circuit was made from a 
brush, through the dics, to a return 
brush. No connections were made to 
the disc except by brush. On the 
tachometer, seven brushes were used. 
Five of these were signal brushes and 
the other two were grounds. Because 
of the binary code, 2° = 32 combina- 
tions are possible, giving an instru- 
ment reading resolution of 4,000/32 
= 125 rpm. 

The axial force on the pointer shaft 
disc due to brush pressure during read- 
ing was only 34 oz. The unit was pro- 
grammed to make a reading every 24 
sec, while the instrument indication 
was programmed between 0 rpm and 
3,600 rpm every 30 sec. After 530.4 
hours and 806,845 correct readings, 
disassembly showed the only wear to 
be a slight peening of the pointer shaft 
where the 34 oz impact load had been 
absorbed at the pivot bearing. Hun- 
dreds of hours of life were left in the 
digital tachometer. 

The second instrument adapted for 
digital reading was a standard U. S. 


Gauge Co., Type 1610, 0-100 psig 
pressure gauge, Figure 2. Several im 
provements were made over the design 
of the digital tachometer. The brush 
assemblv was mounted so that it could 
be adjusted angularly plus or minus 
5 deg as well as positioned axially 0.20 
in. with respect to the code dise with 
out disassembly, 

Seven active signal brushes were 
used, giving a possible 2’ 128 code 
combinations. ‘The pressure gage ac 
curacy, however, is plus or minus | 
psig; so only 100 combinations were 
used in designing the code disc. Al- 
though the code disc weighed less than 
k oz, it was still about six times the 
weight of the pointer it replaced. This 
caused a hvsteresis error in the reading 
of about 1 psi which could be elimi- 
nated by mounting a small vibrator 
on the instrument panel. Actuating 
the solenoid twice for each reading had 
the same effect, and the second read- 
ing was the correct one. 

The production design of the digi- 
tal pressure gage shown in Figure 3 
has the cntire mechanism contained 
in the standard gage case, which per 
mits unobstructed reading of the dial. 
This design also uses an cight-digit 
binary code and divides the dial into 
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NEW GERMANIUM POWER RECTIFIERS 
REDUCE VOLUME AND WEIGHT 75% 


Because of the higher efficiency of germanium, these GERMANIUM 


new G-E rectifiers achieve a full 75% saving in size and 


weight—and yet actually cost less than any conventional PU WER 


type dry rectifier in use today. This sharply-reduced 

weight and volume is a result of greatly-increased power RECTIFIER Ss 
per cell in G.E.’s unique low-loss rectifier. 

Compare and see! For new efficiency in your 1955 de- 

signs go the limit with new G-E Germanium Power 

Rectifier. Tell your rectification problem to the G-E 

application engineer— write today to: General Electric 


Company, Germanium Products, Section X9925, Elec- 
tronics Park, Syracuse, New York. 


SAMPLE DELIVERIES ARE SCHEDULED FOR FEB. 1955! OVERALL SIZE IS 4” x 5” x 10” 


These rectifiers are available in standard combinations con- 
sisting of one or more rectifying elements. A few typical 


Be ‘““money-wise” and 
ratings are listed below. y 


“‘pound-wise” too, with these 
CIRCUIT D-C OUTPUT AT 55° C (Resistive Load) stand-out design features: 


Half Wave 30 amps @ 60 V 


15 amps @ 120 V Weight and volume reduced 
10 amps @ 180 V 75% 


Full Wave Center Tap 30 amps @ 60 V 
10 amps @ 180 V Rectifier losses have been re- 


Full Wave Bridge 10 amps @ 125 V duced to 3 or less 


‘Theee-Phase Half Wave . ane $ oy No forward aging effects...no 


Three-Phase Bridge 15 amps @ 190 V pe for age-compensating 
Three-Phase Star 30 amps @ 95 V evices 


Progress /s Our Most Important Product 


GENERAL@® ELECTRIC 
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200 parts, giving a resolution of plus 
or minus 4 per cent. 


LIMITATIONS 


The output signal appears simulta- 
neously on all of the leads. Those 
digital systems that need the signal in 


Calibration marks 
(Steps 5 to9) 
Pr 


sequential form would have to have 
some kind of commutation to scan the 
leads. 

The method is not adaptable to 
ultrasensitive meter movements where 
severe errors might result from the 
addition of any mass to the pointer 


RECORD MARKINGS 


Transducer outputs 
(Steps 10 to 27) 
ree 


IDEAS AT WORK 


shaft, or where the mechanisms are 
too light to withstand the impact loads 
of the signal brush actuations. 


Part of this work was developed under 
contract with the U. S. Navy Bureau of 
Ships, Electronics Design and Develop- 
ment Section, and appreciation is ex- 
pressed for permission to publish these 
results 


Calibration morks 
(Steps 28 to 32) 








Hundreds 
(Steps 3 to 10) 
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Units 
(Steps 23 to 30) 
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BINARY CODE NUMBER MARKINGS 
The number shown is 538) 


Template Reads Binary Code 
Identifying Test 


VERNON C. WESTCOTT, Trans-Sonics, Inc. 


An instrumentation system for the 
measurement and recording of pres- 
sures in hydrodynamic surveys sam- 
ples 28 primary elements and their 
calibration channels through a rotary 
stepping switch at 15 steps per sec- 
ond. Each switch has 33 positions. 
hus a complete recording cycle takes 
about 2.2 secs, and, at a chart speed 
of 100 mm per sec, occupies about 
23 cm of paper length. With chart 
paper spewing out of each of several 
recorders at the same time, man is 
not capable of manually marking each 
section of record to identify it with 


the conditions of a given test. Sys- 
tem designers solved the problem by 
automatically marking the edge of the 
charts in a binary code during every 
recording cycle. 

The figure shows a typical record. 
Binary code marking appears in the 
margin of the record as a series of 
60-cycle oscillations. The position of 
the markings relative to chart paper 
travel from the start of a recording 
cycle corresponds to a_ three-digit 
number. Thus, any number from 000 
to 999 is indicated uniquely. The 
presence or absence of oscillations in 


four positions of a binary decade in- 
dicates cach digit of the code number. 
[hese positions correspond to 2°, 2’, 
2°, and 2°, and the number indicated 
is the sum of the values of all the 
spaces occupied, (For example, if the 
first and third spaces of a decade are 
occupied, the number is 2° + 0 + 2? 
Reading from left to 
right, the first binary decade corre 
sponds to hundreds, the second to 
tens, and the third to units. 

A template like that shown at the 
bottom of the figure considerably 
simplifies the interpretation of the 
code-number markings. The arrow at 
the left-hand side of the template is 
placed at the beginning of the record 
trace (that is, at the point where the 
stvlus was resting at the start of the 
recording cycle). The code number 
can then be read directly by adding 
the numbers on the template that 
are indicated in each decade. 


+ (Q or 5). 
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NEW PRODUCTS 





COMPUTER BLOCKS strive for simple assembly of data processing, 
computing, and control systems. 


Standardized hardware on a high column selector block, and a 
level is being advanced by Technitrol’s pulse-amplifier block. 
new line of computer building blocks 4—Clock-Pulse Generator Blocks. 
and sub-blocks. Emphasizing standard A clock pulse oscillator. 
sizes of plug-in units, plus highly 5—Clock-Pulse Amplifier Blocks 
adaptable cabinets, they strive for One-megacycle clock pulses are 
maximum versatility. Printed and adjustable to any phase with 
proven circuits enhance reliability. respect to driving signal. 
Plug-in assembly on all levels facili- 6—Fusing and Metering Blocks 


tates servicing. 

Designed for Control, Arithmetic, 
and Memory applications, these units 
are sired by the same school of thought 
now propelling people into the servo 
breadboard business. 

Eight basic blocks comprize the of- 
fering here: 

1—Operation Blocks. The basic as- 

sembly contains four pulse re- 
generation amplifiers and multi- 
purpose plug-boards. Provisions 
for plugging in a pulse trans- 
former into each amplifier, plus 
any of the following sub-blocks, 
make for a wide variety of cir 
cuits. The sub-blocks are: one 
Binary Adder; four 6-bit Recir- 
culation Loops, four 8 “and” 
circuits; one Modulus 64 
counter; four flip-flops. 
2—Memory Blocks are quartz de 
layline recirculation loops. 
3—Memory Selection Blocks. Three 
basic types are available: a row- 
column flip-flop block, a row 
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LISTING IN GROUPS 


1- 5 Digital Devices 
6-11 Going to Pots 
12-19 Motors and Motion 


20-30 Valves & Relays 
31-40 New Ways to 
Measure 


41-44 Program Control 


45-56 Electronics 
in Control 


distribute four voltage sources 
to nine output circuits. 
7—Powcr-Control Blocks control 
ten 2 kw. power circuits 
8—Assembly Blocks are cabinets 
power, and cooling blocks. 


Available also is a variety of sub 
blocks for all the main units 


blocks for all the main units. Techni 
trol Eng. Co., 2751 N. 4th St., Phila 
delphia 33, Pa. 

Circle No. 9 on reply card 


SMALL PLUG-IN transformer pitched for passing pulses through 


heat and high water. 


Application 


Epoxy packed, 7-pinned, and pea- 
sized, elucidates the essence of a new 
series of pulse transformers by Gude- 
man. They surpass MIL-T-27, grade 
1, class A test specifications. Some 
have 3 windings. All units for pulse 
width up to 7 microsec are % in diam, 
above, #3 in diam. The Gudeman Co. 
Inc., 9200 Exposition Blvd., Los An- 
geles 34, Calif. 


Characteristics 
De java cécae ks doe lis in. high 
Weight 10 to 15 gr. 
Pulse width range 0.05 to 25 microsec 
Ambient temp. range 


135 deg C 


Circle No. 2 on reply card 


NO FEEDBACK characterizes high speed counter. 


Counting pulses received at the rate 
of 10° per sec is the business of a high 
speed counter called the Epic Model 
412 Fast Decade Scaler. Intervals can 
be measured to 0.1 microsec accuracy. 
Larger bias range, through the clim- 
ination of feedback circuits, permits 
greater accuracy, claims the manu- 


facturer. A scale factor of 100 
and output pulse characteristics have 
been chosen to permit the use of 
slower commercial scalers with the 
counter’s output. Electrical and Physi 
cal Instrument Corp., 25 West 43rd 
st. wy. sa. Ee 
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DIGITAL DIVIDER does push-button division. 


Potter Model 25 Flow Digitizer is 
intended for use with pulse-sensing 
instruments to convert their output 
into new units. Essentially an eleven- 
unit magnetic binary divider, it allows 
pushbutton selection of output pulses 
at the rate of 1 to 2,047 per 2,048 


IBM engineer George Fairhurst 
submitted this cartoon along with 
a check for a CONTROL 
ENGINEERING subscription. 














input pulses. Total input is indicated 
on a six-digit mechanical register anc| 
on two decade-counting glow tubes. 
Built to standard relay rack width. 
Potter Aeronautical Co., Route No. 
22, Union, N. J. 
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TRANSPORTS TAPE for digital 
devices. 


Designed for digital and data proc- 
ess systems is a new magnetic tape 
transport unit unveiled by Electro 
Data. Designated the Model 546, the 
unit has a capacity of 2,400 feet of 
4 or 3 in. tape which can be pulled 
at 30, 40, 50, 60, or 75 in. per sec. 
The tape is advanced by two pinch 
rollers which move only 5 or 6 thou 
sandths of an inch to press the tape 
against the capstan shafts. A vacuum- 
column control unit is said to be re- 
sponsible for starting, stopping, and 
reversing in 5 or 6 millisec. Electro- 
Data Corp., 717 N. Lake Ave., Pasa- 
dena 6, Calif. 
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Barcol, 


Small Motors 


maintain tension of 
film logs on Halliburton 
surveying trucks 


BARBER 


COLMAN 


















To show agen 28 characteristics of oil wells, graphic 


records are produced on transparent film by field trucks of 
Halliburton Electrical Well Services, Duncan, Oklahoma. 

Two Barcol type OYAZ reversible geared motors are located 
in each of the two film magazines of the log recorder and are 
connected in opposition to maintain tension on the film. These 
Barcol motors were chosen because of their ability to provide 
smooth torque at all speeds, whether driven in the same or the 
opposite direction from which they would normally rotate. 

wo Barcol type GYAZ motors are also used in similar man- 
ner to maintain tension on a 16 mm. film strip which records 
well depth numbers on the logs. “Plus” features of Barcol 
motors used in this application include rugged, precision-built 
gear trains . . . porous bronze bearings . . . hardened and ground 
stainless steel shafts .. . high starting torque. 

If you have a design problem involving small motors, let 
Barber-Colman engineers help you solve it with the exact 
motor for the job. 


FREE DATA SERVICE ON WIDE LINE OF SMALL MOTORS 
The Barcol line includes unidirectional, synchronous, and reversible motors 
—vp to 1/20 h.p. With ond without reduction gearing—open or enclosed 


types. Expert engineering service available. Write today, tell us your prob- 
lem, ask for free dato sheets. 


BARBER-COLMAN COMPANY 


DEPT. N, 1248 ROCK STREET, ROCKFORD, ILLINOIS 
Small Motors «© Automatic Controls + Industrial Instruments + Aircraft 
Controls + Air Distribution Products + Overdoors and Operators + Molded 
Products + Metal Cutting Tools + Machine Tools «+ 








Textile Machinery 
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GOING TO POTS 


HERE TO INFINITY with precise 
linearity. 


Infinite resolution coupled with 
high accuracy suit this unit, called 
the Resomax, for servo applications 
where increment-change type pots 
might produce chatter or hunting. 
A life of over a million complete 
cycles through full range and back is 
claimed. Link Aviation Inc., Bing- 
hamton, N. Y. 


Characteristics 


Re eee ane «ae 
Ranges available. .....500 to 2600 ohms 
Lamemtity. 3: ....... .02 per cent 
Rating 5 watts 
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COMES THE RESOLUTION with 
infinity in these. 


Low cost, long life, and low oper- 
ation noise due to true slide-wire ac- 
tion distinguishes this Giannini 
#85175. Its maker mentions it as 
a replacement item for “‘stepless” 3- « 
or 10-turn pot applications. G. M. 
Giannini & Co., Pasadena 1, Calif. 


Characteristics 
Bene rss ashes es aisha. ....14 in. diam 
Error...... .1 per cent and .05 per cent 
oD, SE ee 5 watts 
EE Aba casdnghssiensencau 2 oz-in. 
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FREE LINEARITY goes into these 
pots. 


Litton Industries has two new series 
of ultra high precision 10-turn po- 
tentiometers. The MA-20-10 series 
can be obtained on special order with 
01 per cent linearity, and the MA- 
30-10 to .005 per cent. Rugged me- 
chanical stops after 90 deg of over- 
travel are standard. ‘The resistance 
element continues through overtravel. 
“Scepless” elements are available. 
Litton Industries, Beverly Hills, Calif. 


Characteristics 


Series MA-20-10 
Independent linearity > per cent to 
.02 per cent 
Be ..1.820 in. diam 
Range. . 1 to 100 K ohms 
Series MA-30-10 
Independent linearity.... .5 per cent to 
01 per cent 
ERT ECT 
AA OE 2 to 300 K ohms 
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PYGMY POT has full-grown 
features. 


Low torque, high accuracy, and the 
availability of a variety of output func- 
tions in an extremely small package 
mark this item. Mechanical rotation is 
continuous, electrical 385 deg. Model 








PRECISE PERFORMANCE 


NEW LOW COST 
($6.25 ea. in quantities of 1000 or more) 


FOR ALL PNEUMATICALLY OPERATED 





INSTRUMENTS, CONTROLLERS, 
POSITIONERS AND RECORDERS 


The New Kendall Model 55 Air Pressure Regulator provides 
a uniformly clean, dry, drift-free air supply. It is a “package” 
unit that combines these features: 


Good flow capacity (up to 15 C.F.M.) plus automatic relief 


Water separation with extremely large dripwell capacity 
plus pushbutton drain valve 


Adjustable output regulation 
Compact, light, rugged - quality construction throughout 








Try the model 55 on your own equipment 
— AT OUR EXPENSE 


To prove the advantages of the new Model 55, Kendal’ will furnish 
equipment manufacturers with one Model 55 at no cost, for test purposes 
on your own installations. All requests made by indiviciuals on their 
own company letterheads will be honored but Kendal! reserves the 
right to limit the offer to those having actual applications. Furthermore 
the offer may be withdrawn at any time at Kendall's option. Outline 
your requirements now and send for technical data. 














—_— 


Engineered Air Feegulation. tf e 


kenvact (f 1G CONTROLS cone 
A 


144 MOODY ST, WALTHAM 54, MASS. 
& 0 ss 
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in design... 
operation... 


Pathou 


HYDRAULIC CYLINDER 


The design of all Pathon Hydraulic Cylinders 
in both the R.H. 1000 P.SA. and QH 1000 
P.S.1. Series give you inherent characteristics 
which result in compactness, low stress con- 
centration and increased fatique life 


AIR CYLINDER 


All Pothon Air cylinders provide these im- 
portant interrelated features. Dual Ram Sup- 
port, Self Seal Packing, Reduced Power Con- 
sumption. They add up to a better, more 
efficient operating cylinder for you. 


HYDRAULIC DIRECTIONAL 
CONTROL VALVES 


The Pathon H4W series of remotely operated 
direction control valves are extremely com- 
pact, inexpensive to use, easy to instoll, 
efficient in operation and are designed to 
complement modern machine design. 


MANUFACTURING CO. 
3823 Pacific Ave., Cincinnati, Ohio 
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36000, the new unit, has precious 
metal contacts. Gyromechanisms, Inc., 
Halesite, L. I., N. Y. 


Characteristics 


Size... .% in. diam, .8 in. long, .35 in. per 

extra section 
Torque 05 in.-oz 
Resistance. . .0-200 ohms to 50,000 ohms 
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PRESSURE POT spots the dif. 


A differential pressure — potent- 
ometer, Bourns Model 508, can give 
electrical information on the differ- 
ence of pressure in two fuel tanks. 
It has beryllium copper bellows and 
ball-bearing pivoted linkages that pro- 
vide ruggedness fit for missiles and 
rockets. Bourns Laboratories, River- 


side, Calif. 


Characteristics 


eR 

..24 in. diam x 2% long 
Power rating......4 watt at 160 deg F 
Standard values. .1, 2, 5, and 10 K ohms 
Pressure ranges (17). ... 0-30 psi 
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GANGS UP in a wide variety 
of circumstances. 


Small, light, and adaptable is the 
claim of Rattray for this pot. Linear 
or non-linear functions, high accuracy, 
plus ganging features, and a wide range 
of resistance values are the advantages 
of Model 106. Size: lv in diam. 
I'he George Rattray & Co., 116-08 
Myrtle Ave., Richmond Hill, 18, N. Y. 
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MOTORS AND MOTION 








— DRIVE MOTOR 





MAGNETIC — 
AMPLIFIER 
CONTROL 
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DRIVEN SHAFT 
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- TIMING DRIVE | 





AND 
POWER SUPPLY 


SPEED SET 


STATION — 











INPUT ROTATION = 


OUTPUT ROTATION =[___] 


TACHOMETER 


LEGEND GENERATOR 














SERVO-SPEED transmission control uses magnetic amplifier. 


The drawing above illustrates the 
workings of the IVC speed control. 
Four building blocks give this system 


its unique control. First, an electro- 
magnetic clutch operating on eddy 
current principles allows the transmis- 





sion of virtually the full range of 
torque and speed available from the 
drive motor, yet without direct metal- 
to-metal driving contact with the driven 
clements. Also the eddy ficld becomes 
a shock absorber of sorts to smooth 
out vibrations or torsional oscillations. 
‘The amount of current fed to the field 
becomes the measure of the powe1 
which can be transmitted through the 
clutch. 

A tachometer gencrator is attached 
to the clutch’s output, and its signal 
fed to a magnetic amplifier as negative 
feedback. The input to the amplifier 
is a current controller such as a potenti 
ometer. The set point is established 
by this current, and balanced against 
the tach feedback through the mag 
amp, which in turn powers the mag 
netic clutch. The result is steady 
speed per setting of the control cur- 
rent. The mag amp can also be easily 
adjusted for maximum torque limits 
to guard against mechanically over- 
loading the “system even though over- 
loads occur within the desired speed 
range. 

Not to be overlooked is the fact 
that clutching action may take place 
at full available torque within the time 
required for the eddy field to develop 

and without wear on any parts. 
Clutch and mag amp sizes available 
are suitable for motors from 1 to 20 
hp. Mechanical Handling Systems, 
Inc., Detroit 12, Mich. 
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MORE POWER per pound by 
keeping it cool. 


More power per pound is pulled 
out of a servomotor by building into 
it a blower that has its own motor and 
operates independently of the servo 
motor. Weighing only 3.188 Ibs, it 
produces 1/15 hp at 600 rpm, and has 
22 oz of stall torque. Stalled power 
drain is 150 watts per phase. Operating 
on 400 cps, 115 vac, it has an accelera- 
tion of 31,000 radians per sec sq min. 
John Oster Mfg. Co., Racine, Wisc. 
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1 SMALL DIFFERENCE runs de 
servomotor. 


\ servomotor which can be oper- 
ited on current differentials will start 
with 1 ma difference, and reaches full 
rated power of 0.002 hp with a 6 ma 


























MODEL S-11-A 


DC-COUPLED 
WORK-HORSE OF 
INDUSTRY 


Size: 
Wx 5" x7" 
8% Pounds 


ANOTHER EXAMPLE OF L@Zeamae PIONEERING... 


The INDUSTRIAL POCKETSCOPE, model S-11-A, has become 
America’s most popular DC coupled oscilloscope because of its small size, 
light weight, and unique flexibility. This compact instrument has identical 
vertical and horizontal amplifiers which permit the observation of low fre- 
quency repetitive phenomena, while simultaneously eliminating undesirable 
trace bounce. Each amplifier sensitivity is 0.1 Volt rms/inch. The frequency 
responses are likewise identical, within —2 db from DC to 200 KC. Their total 
undistorted outputs permit effective trace expansion of twice the screen 
diameter. The internal sweep generator is continuously variable from 3 cycles 
to 50 KC and can be synchronized from positive going signals. Return trace 
blanking is optional. Intensity modulation is accomplished by connecting 
either directly to the grid of the three-inch cathode ray tubeor thru an ampli- 
fier having a gain of approximately 10 and a flat response to 500 KC. Direct 
intensity modulation threshold voltage is approximately 1 volt rms. Addi- 
tional provisions for direct access to all the deflection plates, the second 
anode, and the amplifier output terminals extend the usefulness of the S-11-A 
many fold. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 

CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 

S-5-A LAB PULSESCOPE 

$-6-A BROADBAND PULSESCOPE 
S-11-A INDUSTRIAL POCKETSCOPE® 
S-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
S-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


A 
WATERMAN PRODUCTS 
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difference. ‘he armature is designed 
for a continuous excitation by 24 vde. 
The field has two 10,000-ohm sec 
tions, one for clockwise and the other 
for counter clockwise rotation. Thus, 
if a 3 ma current is in one section, and 
a 9 ma in the other, the motor will 
rotate at its full output of 0.3 oz-in. 
at 6,500 rpm. Size: 1% in. diam. 
Holtzer-Cabot Div., National Pneu 
matic Co., Inc., 125 Amory St., Bos 
ton 19, Mass. 
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RSS 


12 LB STARTING torque from 
this rotary actuator. 


The rotary actuator above gues 
through 330 deg. Powered by 200-v, 
400-cps, 3-phase current, this 0.7-hp 
unit has a driving motor rated at 
11,200 rpm tops, producing a 38 rpm 
output. Western Gear Works, Lyn 
wood, Calif. 
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1/200 TO 1/40 hp motors fea- 
ture high torque. 


All 2,800 rpm, these new motors 
are on the low cost side for fans, small 
pumps, etc. Unidirectional, they start 
with high torque and create no radio 
interference. A wide variety of types 
for 115 vac is available. Barber Col 
man Co., Rockford, III. 
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NEW! NEW! 
NEW! 


MAGNETIC 
VOLTAGE REGULATORS 


These Magnetic Voltage Regulators, or Regulating Trans- 
formers, are the first units in a comprehensive line of 
equipment of this type being developed by Sorensen. 
They are primarily intended for incorporation into other 
equipment, where performance becomes more effective 
when the incoming line voltage is stabilized. However, 
they can be used as auxiliary line stabilizers. 


The units now available have capacities of 15, 30, 60, 
and 120 VA. Soon to be added will be units of 250, 500, 
and 1000 VA capacities. 


SMALL AND ECONOMICAL is 
this de tach. 


Applications 


For a miniature tachometer with a 
housing machined from solid alumi- 
num, a ball bearing mounted shaft, 
individual oscilloscope testing, and 
high output accuracy, the under-$20 
price tag on this item seems quite 
reasonable. 

Although used principally as a servo- 
system rate generator, with a standard 
1,000 -ohms-per-volt voltmeter, it 
makes a direct-reading tachometer. 
Servo-Tek also can supply informa- 
tion on components for using this unit 
in speed-control and other circuits. 
Servo-Tek, Hawthorne, N. J. 


Characteristics ELECTRICAL SPECIFICATIONS 


Input voltage range 95-130 VAC, 16, 60 cycles. 


Tee Tv l Output range 115 VAC, RMS, 19 
Output 2.5 or 7 \ ed 000 _ Regulation accuracy +0.5% against line changes. 
Weight under 3 oz Load conditions +0.5% against line at any given load from 0 to full load. 


Speed up to 12.000 rpm for max life Time constant From 2 to 6 cycles for line changes. 


1 per cent MECHANICAL SPECIFICATIONS 
Rotation Model MVRI5 Length 614”, Width 2%", Height 3%” 
ss ’ ° . Model MVR Length 64", Width 2%"', Height 34” 
Driving torque. .... 7 MGs Model MVR6O Length 81%’, Width 314, Height 41,” 
Size.......14 in. diam x 1} in. long Model MVR120 Length 9%,", Width 314", Height 444“ 
: Send for Catalog MVRI, which gives full infor- 
Circle No. 17 on reply card mation on the magnetic voltage regulator line. 


Since Sorensen is now offering a new type of line voltage regulator, your 
SMALL MOTOR 1-1 /16 in. inquiries regarding special requirements in magnetic voltage regulators 

will be welcomed. Write to the Sales Engineering Department, Sorensen & 
diam. Co., Inc., 375 Fairfield Avenue, Stamford. Conn. 


A miniature motor for 400 or 60 * 
cycles ac has been developed by Globe 

Industries. It can be adapted to fit 

many tasks, including built-in speed SO 

reducers. Globe Industries, Inc., 1784 


Stanley Ave., Dayton, Ohio 
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spots 
Tirtict-1- yi 


stripes 


for the 
tiger of the 
sky 


: all-white prototype Grum- 
man F9F-9 Tiger is polka- 
dotted with unpainted circles 
surrounding static pressure ori- 
fices. There are more than 250 
of these points on the left side 
of the airplane. 

The Navy’s new supersonic jet 
fighter is instrumented with 
Statham Model P81 Pressure 
Transducers for determination 
of pressure distribution in flight. 


For specific details 
pertaining to Statham 
Pressure Transducers, 
please request 
Bulletin No. PT-1. 


LABORATORIES 
Los Angeles 64, Calif. 
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OIL, WATER, AIR work in new 
cylinders. 


Bore diameters from 14 to 4 in. 
are available in a new line of cylinders 
which can operate on 500 psi oil or 
200 psi air without modification. Na- 
tional Pneumatic Co., Boston, Mass. 
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VALVES 
RELAYS & SWITCHES 


PUTS THE SQUEEZE on gases, 
cements, and rough stuff. 


As the picture shows, this valve is 
different. The cast iron body has a 
pure rubber sleeve inside. Hydraulic 
or pneumatic pressure is introduced 
between the body and sleeve, collaps- 
ing the latter for throttling or for 
100 per cent flow cutoff. Available 
in sizes from 1 to 24 in., the valve has 
application advantages in remote con- 
trol systems because it requires no 
bulky or complicated mechanical op- 
erating mechanisms. Suitable for both 
high-pressure and low-pressure lines 
for fluids or gases, it is also seen as 
being of special interest in processes 
handling solids or gritty material. 
Red Jacket Co., Inc., Pittsburgh 22, 
Pa. 
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BIG BUTTON starts tools. 


Intended for use on such tools 
as punch presses is a new large-sized 
Micro-Switch, named 1PH1. The 


DAVIS 


a complete line of 


GAS 
ANALYSIS 
SYSTEMS 


operating by catalytic com- 

bustion, electro-conductivity, 

thermal conductivity, and 
photochemical reactions. 


Continuous 
ELECTRO- 
CONDUCTIVITY 
GAS ANALYZER 


y 


Continuous 

COMBUSTIBLE 

GAS ALARM 
SYSTEMS 


Send for Bulletin 11-36 


PHOTOCHEMICAL 
OXYGEN 
ANALYZER 


easure-+ 


Send for Bulletin 11-40 


| 


INSTRUMENT |} 


MY 


DIVISION 


DAVIS INSTRUMENTS 
265 Halleck St., Newark 4, N. J. 
Progressive Manufacturers of 
Gas Analysis Instruments 
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manufacturer claims its snap action 
provides a good “feel” of the switch- 
ing action. It is protected against 
chemicals and chips. Minneapolis- 
Honeywell Regulator Co., Micro- 
Switch Div., Rockford, III. 
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PRESSURE SWITCH in midget 
package. 


Intended for airborne use is this 4- 
oz pressure switch. It is operative 
through a range of 5 to 12,000 psi 
without field adjustments, and its per- 
formance is unaffected by mounting 
positions. A variety of contact ar- 
rangements are available. Leach Re- 
lay Corp., 5915 Avalon Blvd., Los 
Angeles 3 3, Calif. 
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| sooner from AMRECON. 


MERCURY RELAY made more 
rugged. 


Ebert points out a few changes in 
their mercury relays. ‘The mercury 








AMRECON 
au-rurross RELAYS 


SEVERAL TYPES 
AVAILABLE FROM STOCK 


AMRECON can give exceptional delivery on many 
all purpose relays. These include a wide variety of 
contact arrangements and coil voltages. In addition, 
reasonable quantities of several of the most popular 
types may be shipped from 


stock. Get the right relay WRITE FOR 


FREE CATALOG AND 
DESCRIPTIVE BULLETIN R-10 


AMERICAN 
RELAY 2 CONTROLS, Inc. 


3651 Howard St., Skokie, Ilinois 
(Suburb of Chicago) 


A Subsidiary of OHMIT 


OmaNUFACTURING 
COMPANY 


FEBRUARY 


1955 
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Lined Gage shown 
with lined blind 
cover flanges. 


— concentration of liquids 


such as sulphuric, muriatic or 
other acids necessitates equipment with 
special linings, Jerguson can furnish 
you with reflex or transparent gages 
lined with natural and synthetic rub- 
bers, lead, phenolic base compounds, 
Teflon, and other materials. Jerguson 
Lined Gages are designed to meet your 
requirements of long-life and depend- 
able operation. 
To meet your constantly increasing va- 
riety of demands, Jerguson engineers, 
working closely with the men in the 
Chemical and Petrochemical Fields, 
have developed a complete line of 
sound, dependable liquid level gages, 
valves, and specialties in various metals 
and synthetics to handle corrosive 
liquids and gases. 


Jerguson Gages keep you out of 
trouble, and they save you time and 
money. Send for drawing GD-431 
on Lined Gages, or send your re- 
quirements. 


Gages and Valves for the 

Observation of Liquids and Levels 
JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 
Offices in Major Cities a 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
P6trole Service, Paris, France 
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cups are now made of “alumina”, 
which has a modulus of rupture twice 
that of ordinary steatite. ‘These relays 
use a mercury-to-mercury contact prin- 
cipal so that nothing can wear out, 
stick, or pit. Contacts are enclosed 
in a hermetically sealed tube to elim- 
inate corrosion. Contact ratings start 
at 35 amp for 115 vac. Ebert Elec- 
tronics Corp., Jamaica Ave., Queens 


Village 28, N. Y. 
Circle No. 23 on reply card 


PILOT VALVE controls temper- 
atures. 


A new pilot controller, small, and 
rugged, is available for temperature 
control via pneumatic or fluid control 
media. Displaying pressure indicators 
for both control supply and output 
models of the new unit are intended 
to react to temperatures in the range 
of 50 deg to 250 deg F, and from 150 
to 350 deg F. A large knob and dial 
makes adjustment easy, and the “pro- 
portional” band, or effective control 
differential, is obtained by screwdriver 
for a spread ranging from 5 to 25 
deg F. Fulton Sylphon Div., Robert- 
shaw-Fulton Controls Company, Knox- 
ville 1, Tenn. 
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DIFFERENTIAL RELAYS protect 
against overload, undercurrent 


Designed for overload or undercur- 
rent protection, these heater-actuated 
differential relays will nevertheless not 
respond to transients of shorter dura- 
tion than their maximum actuation 


time—from 3 to 30 sec. Standard 
operating tolerances are plus or minus 
10 per cent, actuating currents from 
10 to 1,000 ma, and voltages from | 
to 100. The heater draws | watt, will 
tolerate 100 per cent overload, and 
the contacts are self resetting. The 
Amperite Co., Inc., 561 Broadway, 
New York 12, N. Y. 
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SMALL DIFFERENCE makes it 
go. 


Adjustable through its pressure 
working range of 0.05 to 100 psi, this 
switch will operate on any pressure 
differential through the range of 0 to 
99 psi on an increase or decrease from 
the set points. Readily field adjusted, 
the mechanism requires no balancing 
or leveling. Barksdale Valve, 5125 
Alcoa Ave., Los Angeles 58, Calif. 
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VALVE-PILOTED air valve re- 
sponds rapidly. 


Either spring or solenoid return is 
available with a new valve-piloted ait 
valve by Beckett. Small and economi- 
cal, operating on a wide range of volt- 
ages, the valves are available in sizes 
from 4 to 4 in NPT. The maker 
claims faster response on shorter sig- 
nals than with previous models. 
Beckett-Harcum Company,  Inc., 
Wayne Road, Wilmington, Ohio. 
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THREE LOAD PROBLEMS 
SOLVED INEXPENSIVELY 


AYLOR Volumetric Load Measuring Elements are 
the practical answer to applications throughout in- 
dustry where reliable accuracy at low cost is more im- 
portant than microscopic precision. Rugged, dependable, 
unaffected by dirt or dust, they require the very minimum 


weighing have an initially higher order of accuracy, they 
may quickly deteriorate. In the long run therefore Taylor 
Volumetric Load Elements are more accurate—at a frac- 
tion of the cost of conventional instruments. 

Write for Bulletin 98232. Taylor Instrument Companies, 


of maintenance. And while conventional methods of Rochester, N. Y., or Toronto, Canada. 





Problem: To measure dependably and economically the weight 
of solids in a measuring hopper. 








Solution: Taylor Spool Type Load Measuring Element. 


HOPPER 


Characteristics: Range limits, 0-240,000 lbs. for compression 
loads, maximum load not to exceed 400,000 Ibs. Applicable 
also to horizontal or vertical tanks containing corrosives or 
solids, making conventional level measuring devices imprac- 
tical. Tension loads 0-30,000 Ibs. 








Copiliory to hs, a. 
Instrument 7 


a 





Problem: To measure accurately squeeze roll pressures on tex- 
tile slashers to insure uniform penetration of size. 


\ LOAD 


Solution: Diaphragm type load Measuring Element. TX "Vos 
\ ELEMENT 


Characteristics: Range limits: 0-5,000 lbs., maximum load not 
to exceed 6,250 lbs. Compound ranges, tension -O— compression 
also available. Applicable to measure roll or nip pressures in 
calender stacks, press section and many other finishing opera- 
tions involving processing of material between rolls. 








BEARING 


Problem: To measure film tension within very close limits as a LOCK 


measure of ‘‘gain’’ or percer.tage of stretch. pans 
Solution: Transaire* Volumetric Load Measuring Element. — 
Characteristics: Range limits: 0-300 lbs. in range spans as 
short as 30 Ibs. Used in conjunction with a TRANsatRE Pressure 
Transmitter which sends an output air pressure to an indicat- 
ing, recording, or controlling receiver proportional to the 
force applied. Applicable to film, paper, yarn or similar tension 
measuring requirements. 


TO RECEIVER 
GAGE 


*Reg. U.S. Pat. Off. 
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SYNCHROS 


from FORD INSTRUMENT 
for 
extreme accuracy 
in transmitting 
: signals 


Ss Be SS 


STANDARD TELESYN SYNCHROS 
are available from Ford 
Instrument in 
Size 1 Size 3 
Size 5 Size 23 
for EARLY DELIVERY 


A pioneer in the field of syn- 
chronous transmission, Ford 
Instrument produces synchros 
of proven precision accuracy. 


¢ Available to meet Mil specs 
¢ In sizes to meet a multitude of 
requirements 


© For torque transmission and volt- 
age indication 


FREE a fully illustrated 
technical data bulletin 
gives characteristics and 
specifications. Please 
address Box CE. 


tT 


Ford Instrument’s standard lines 


43 
FORD INSTRUMENT 
COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Servo 
Motors 


eS 


Telesyn 
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NEW WAYS TO 
MEASURE 
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HAPPY MEDIUM temperature 
watchdog system. 


Designed to give warning when tem- 
perature pickups go above preset 
points, this system gives immediate 
indication and provides facilities for 
exact readout. Panel adjustment of 
high and low points is provided, and 
magnetic amplifier circuitry used 
throughout, providing excitation for 
probes. Armmoux Corp., 1357 S. Haw- 
thorne Blvd., Hawthorne, Calif. 


Circle No. 28 on reply card 


COMPUTES MACH & MORE, 
without tubes. 


A new airborn computer provides 
output voltage or servo shaft displace- 
ment proportional to Mach number. 
Called the CA-500, it solves the equa- 
tion for Mach through a force-balance 
linkage, mechanically comparing dif- 
ferential and static pressures. The re- 
sultant forces, developed from _pres- 
sure cells, and compared vectorially, 
balances the computer. It meets 
USAF specifications. When used with 
temperature and wind detectors to 
provide local angle of yaw and attack, 
the CA-500 can be used to produce 
the true angle of attack, yaw, and 
Mach number. Remote dial indica- 
tions can be provided for these out- 
puts. Using no vacuum tubes, it can 
provide adequate torque output to 
operate an analog-to-digital converter. 
Servomechanisms, Inc., Westbury, 
es By Pes Bs 
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\WIC Electric” 
Weigh Scale 


TANK WEIGHT INVENTORY SOLIDS BATCHING 


CONSTANT WEIGHT BELT FEEDER 


...complete. 
...$elf-contained 


/ WEEDS NO * 
ENGINEERED INSTALLATION 


e Up to 10,000 Ibs. gross capacity 


e Guaranteed accuracy of entire 
system 


e No effects from vibration 
e No springs, levers, or knife edges 


e Expert design of structures and cir- 
cuits to fit individual requirements 


Here's ja system for batch or con 
tinuous process control that assures 
accUrate net weights automatically 
regardless of fluctuating tares. Elec 
trical strain-gauge load cells of 
long-recognized accuracy are freed, 
through W C pneumatic tare com 
pensation, to respond only to net 
weights, thus using their effective 
range to measure only the variable 
controlling the process. Feeding. belt 
conveyors, recording and controlling 
raw materials 


inventory, weighing 


finished packaged products to within 
15% of gross — these typical ap 

plications of: the W/C Weigh Scale 

should stimulate your imagination 
Find out how a W /C 

Electrical Scale can cut 

your process time and 

ncrease yield inex 

pensively by writing 

olan @elici lol myA8) 


— 
WEIGHING COMPONENTS, . 


64-C Fulmor Ave. e Hatboro, Pa. 
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SMALLEST GYRO is slightly 
spectacular in size. 
Dr. C. S. Draper of MIT is the 


man who directed development of 
this ultra-miniature integrating gyro. 
Known as the HIG-3, its l-in. diam- 
eter and 2-in. length have not pre- 
vented it from displaying characteris- 
tics far in excess of those anticipated. 
Developed during a USAF project at 
the Instrumentation Laboratories of 
MIT, the hermetically sealed unit has 
passed rigorous testing, and is now 
being manufactured for a growing 
market. The Greenleaf Manufactur- 
ing Co., 7814 Maplewood Industrial 
Court, St. Louis, Mo. 
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LOADED SENSER tells weight 
tirelessly. 


Daytronic is making a series of 
transducer components. Besides the 
“proving ring” here, they have a differ- 
ential transformer transducer ampli- 


;, Mycalex glas 


C to reduce the 


1 between ¢ 


vithout backlash 


TIC designers are typical of the hundreds 
of electrical and electronic engineers who 
have discovered the outstanding qualities 
of Mycalex. Important Mycalex properties 
include: 


low electrical loss factors 
high dielectric strength 





impervious to water, oll 
and organic solvents 


very high arc resistance 
with complete freedom 
from carbonization 


MYCALEX 


GLASS-BONDED MICA 


For more details 

on this exciting material 
and its application to your 
design problem, write to 
General Offices and Piant: 
Department 115 

Clifton Boulevard 

Clifton, N. J. 


MYCALEX 
fete} ise]. 7 Wale), | 
OF AMERICA 
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Here is the first packless 
positive displacement pump 
that combines high precision 

with continuous flow 
characteristics. 


© For precision metering of a wide range of small volume flows, 
the HILLS-McCANNAMETER offers a completely new concept 
of pumping. It has the pressure producing possibilities of a posi- 
tive displacement type pump. It has the ability of a diaphragm 
type unit in pumping hard-to-handle fluids. It has the continuous 
flow characteristics of a centrifugal type pump (at flows over 100 
c.c./hr.). 

The HILLS-McCANNAMETER precisely meters flows from 
5 c.c. to 6 gal. per hour. Standard models will develop pressures 
to 2500 psi, special designs to 10,000 psi. Detailed specifications 
and operating data are given in Bulletin AP-54. Write for your 
copy, today. HILLS-McCANNA CO., 2400 W. Nelson St., 
Chicago 18, Ill. 


pen VCGANN Alem 


metering and proportioning pumps 
Also Manufacturers of: 


SAUNDERS TYPE DIAPHRAGM VALVES 
FORCE FEED LUBRICATORS * MAGNESIUM SAND ALLOY CASTINGS 
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fier and indicator. The indicator has a 
limit switch feature for actuating alarm 
or control circuits when a transducer 
output reaches some assigned point. 

The unit shown is aimed for use 
in monitoring or controlling batch 
weights or structure stresses, ranging 
from 500 to 50,000 Ib. Daytronic 
Corp., Dayton, Ohio. 


Characteristics 


Linearity... . plus or minus | per cent 
Excitation. . . .60 to 20,000 cps at 7 v 
Output 400 milliv 
Full stroke 0.020 in. 
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PHOTOELECTRIC PACKAGE 
features ruggedness, speed. 


Application 


Reliable performance and rugged- 
ness mark this photoelectric unit for 
industrial use. A compact, splash- 
proof, cast-aluminum case and neo- 
prene-mounted lens enhance durabil- 
ity. The plate relay is energized when 
the light beam is 100 per cent inter- 
rupted. Autotron Co., Danville, IIl. 


Characteristics 


54 x 34 x 348 in. 
Contact rating 5 amp at 115 vac 
Min. light time........... 0.06 sec. 
Mim. dark time............ 0.06 sec. 
Min. light intensity. . .20 foot-candles 
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HIGH-TORQUE movement 
makes response faster. 


Bristol has a new millivoltmeter 
Model 580, with accuracy to 1 per 
cent of full scale, and a new high- 
torque jeweled movement providing 
99 per cent response in less than 6 
sec. Bristol Co., Waterbury, Conn. 
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PORTABLE OSCILLOGRAPH 
packed in two cases. 


Plug-in _ preamplifiers facilitate 
changeover from one signal source to 
another with this single-channel oscil- 
lograph. Seven different preamps 
are available. Each plugs into power 
supply-amplifier unit shown. Inkless 
recording on true rectangular coordin- 
ates is one feature and an extra stylus 
for time marking or coding (manual 
or remote) along chart edge is another. 
Notations can be made on chart 
while recording. Sanborn Co., Cam- 
bridge 39, Mass. 


CHARACTERISTICS 


Power supply and preamp weight. . . .41 Ib 
Recorder weight 
Chart speeds .. 
per sec 
Preamplifiers available 


..5, 10, 25, 50, 100 mm 


..ac-de carrier 
servo monitor 
dc coupling 
log-audio 
low-level 
input coupling 
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LOW-PRESSURE measurement 
through radiation. 


The Model 515 Alphatron Vacuum 
Gauge measures pressures from 0.001 
to 10 mm of mercury. Operating on 
110 vac current, it uses a sealed radium 
source to ionize molecules of the meas- 
ured gas, which are then collected on 
a charged plate. The resulting current 
is read on a meter directly as tem- 
perature. Naresco Equipment Corp., 
160 Charlemont St., Newton High 
lands 61, Mass. 
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More Reliability in less space 
without external DC Power Supply 





f 


This compact f 
SAIBH Amp fior 
designed for anal 
ervo 1oops 
ability is the re 
design which a 
1 the output of « 
ly is required. A sing 


amplifiers. Output 


Type |7ID motor 


29e Pain, with an 


+ 25 percent 


s 10 cps in a typica 


ne fluid fi 


1 and cushion against shocks 


Narkal 


18H 


ly small and light amp 


Ss a culmination 


eadership in the de: 


Servomechanisms, Inc. Type !7 ID, for use 
with the amplifier, is a damped-control 
motor whose contro! winding is the output 
load tor the amplifier 


For additional information 


Write to: 
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BARBER d-c 
COLMAN motors 


compact, powerful 
high quality for a wide 
range of applications 





¢ 
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Looking for a d-c fractional hp motor 
of unusually high quality, high depend- 
ability? Specify Barber-Colman, the ver- 
satile line of small motors in both per- 
manent magnet and split series types. . . 
in various mountings and speeds, and 
outputs up to 1/10 hp. Ideally suited to 
power electro-mechanical actuators, gen- 
erators, switches, blowers and program- 
ing devices. Barber-Colman small d-c 
motors are also available with lightweight 
radio noise filters to meet radio interfer- 
ence requirements of USAF. They are 
ideally suited for use as tachometer gen- 
erators. Whatever your problem involv- 
ing small motors, consult Barber-Colman 
Company for an expert solution. 


Write for free catalog F. 4344-1 


BARBER-COLMAN COMPANY 


Dept. N, 1448 Rock Street, Rockford, 


Illinois 
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LONG STROKE and no friction 
make this differential different. 


This differential transformer has un- 
limited resolution through its 10-in. 
stroke range. 

For applications where a no-friction 
pickoff is desired, the core of the 
transformer need not make physical 
contact with the windings. 

Intended for use with a 400 cps 
excitation voltage, an output imped- 
ance of less than 2,000 ohms facili- 
tates long cable connections. Control 
Components Co., 1 Holden St., Brook- 
line 46, Mass. 
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PROGRAM 


COUNTER-PROGRAMMER _is 
sequencing. 


Combining characteristics of a coun- 
ter and programmer, this completely 
electromechanical device can be easily 
modified to produce any sequence of 
switch operations during a counting 
cycle. Two models are available, the 
“universal” pin-set model shown, 
which provides momentary switching 


pulse 


THERMISTORS FIT ten on a pin 


without stacking. 
Thermistor Corp. of America, Me- 
tuchen, N. ]. 
Size 018 in. diam 
Thermal time constant l sec in air 
Energy requirements .1 milliwatt 
produces 10 deg C in still air 
.400 deg C 
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Useful limit 


CONTROL 





controlled for switch 


during the counting cycle, and a ma- 
chined-cam model for contacts periods 
of varying lengths. Speeds of 4,000 
rpm are claimed. Counter and Con- 
trol Corp., 5213 W. Electric Ave., 
Milwaukee 14, Wis. 
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DOWN THE LINE for speed 
programming. 


Resembling analog computor arbi- 
trary function generators, a new pro- 
gramming device has been developed 
as a motor-speed control. A photocell 
picks up the characteristics of a black 
line drawn on moving graph paper. 
Using an electronic motor control, 
stepless motor speed results. Scientific 
Specialties Corp., Boston 35, Mass. 
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TAPE READERS for punched 
programs. 


Two different readers are offered by 
Saroban, one for single tapes, the 
other for handling two simultaneously. 
The tapes may have up to 8 levels of 
information (rows of punched holes), 
which can be read at rates up to 60 
characters per second. Its magnetic 
clutches can be activated in 5 ms, and 
the contacts are rated at 100 ma, non 
inductive. Tape life in the thousands 
of readings are claimed. Saroban En- 
gineering, Inc., Melbourne, Fla. 
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ELECTRONICS IN 
CONTROL 


‘ 


MAGNETIC AMPS show wide 
variety. 


Magnetic amplifiers from stock in 
a variety of sizes should be a boon to 
industrial and aircraft servo designers. 
Outputs range from 3 to 40 watts for 
the various sizes, at 400 and 60 cps. 
Voltage outputs range up to 200. In- 
puts may be either de or ac. Claimed 
also is service life of 20,000 hrs during 
ambient temperatures of minus 55 to 
100 deg C. You can get a bulletin 
on how to apply these magnetic ampli- 
fiers. Magnetic Research Corp., 200 
Center Street, Segundo, Calif. 
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What's 


Your Use for... 


te 
vernistat ... [he Revolutionary 
New Precision Variable-Ratio Transformer 


Analog Computers? Servos? Control Systems? Vernistat 
is a completely different type of voltage divider combining low 
output impedance with an inherently high resolution and 
linearity not ordinarily attainable by precision potentiometers. 
The Vernistat consists of a tapped auto-transformer which pro- 
vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter- 
polating potentiometer that moves between 30 transformer taps. 
Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 
amplifiers. 
Specifications of the standard model Vernistat are shown below. 
Other versions are under development to meet specific end uses. 
What are your requirements for this unique precision voltage 
divider? Fill in the coupon now. 


vernistat division PERKIN-ELMER CORPORATION 
NORWALK, CONNECTICUT 





SPECIFICATIONS vernistat division VAY, PERKIN-ELMER CORPORATION 


Linearity Tolerance 815 Main Avenue, Norwalk, Connecticut 


°, 
better than +.05% Send me more information on the Vernistat. 


Resolution better than .01% The application | have in mind is as follows: 


Output Impedance 
130 ohms (max.) 


Max. Output Current 50 ma 
Frequency 50-3000 cps 


Other models including a mini- 
aturized 400 cps version will be 
available in the near future. 
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CHARACTERISTICS OF H.V. SUPPLY WITH B¢= 275V. 
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TINY POWER supply gives 
5,000 vdc. 


If size and weight are important in 
an application requiring a high voltage, 
Servo Corp’s Model PS-503 may be 
the answer. Size: 4 x 2% x 54 in. 

Weight: 2 Ib. Servo Corp. of Ameri- 

ca, 20-20 Jericho Turnpike, New Hyde 


Park, New York. 
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TWO SEPARATE CIRCUITS 


AUTOMATIC 
PROCESSING, TRANSMISSION 


AND CORRELATION IN 
LARGE GROUND NETWORKS 


ENGINEERS 


PHYSICISTS 


Digital computers similar to the successful 


ISTOR & 


COMPUTER 


TECHNIQUES 


applied to the design, development 
and application of 


RADAR DATA 


& 


om 


) = AIRCRAFT 


i caiee 
wal, AND 
GENERAL 
INDUSTRY 
Designed for precise 
instrumentation in auto- 
matic contro! circuits for 


aircraft, guided missiles 
and general industry, BOURNS 


linear motion potentiometers 
accurately translate mechan- 
ical position or movement into 
two independent signals... 
one signal often used for 
feed-back control and the 
other for telemetering. 

This dual instrument possesses 


Hughes airborne fire control computers 
are being applied by the Ground Systems 
Department to the information processing 
and computing functions of large ground 
radar weapons control systems. 
The application of digital and transistor 
techniques to the problems of large ground 
radar networks has created new positions 
at all levels in the Ground Systems Depart- 
ment. Engineers and physicists with experi- 
ence in the fields listed, or with exceptional 
ability, are invited to consider joining us. 








SPEEDY MAG AMP designed 


for control systems. 

For the first time, the speed of re- 
sponse in a magnetic amplifier has 
been made independent of the number 
of stages of amplification. Stability is 
still high. Librascope, Inc., Glendale 


| Calif. 


| 


all the advantages of two single 
potentiometers and in addition, 
saves space, weight and instal- 
lation time. With this wire- 
wound potentiometer a 


resolution of .001 inch is 
- obtainable in standard ranges 


from 1 to 6 inches. 
BOURNS designs and manufactures 


other potentiometer instru- 
ments which measure gage 
pressure, differential pressure, 
altitude and acceleration. 

| 


OURNS 
LABORATORIES 


6135 Magnolia Avenue, Riverside, California 
Technical Bulletin on request, Dept. 


Characteristics 


| 
Power Gain 


reversible with input 
Power Supply 
Total time lag 
| Output Impedance 
Input Impedance .. 
| Weight 
ae ne 
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. .50,000 
de or ac, 15 watts phase 
2 <a ee 


6x 5x 104 in. 


SILICON DIODES are super- 


A new series of very small silicone 
available from 








fields include 





TRANSISTOR CIRCUITS 
DIGITAL COMPUTING NETS 
MAGNETIC DRUM AND CORE MEMORY 
LOGICAL DESIGN 
PROGRAMMING 


VERY HIGH POWER MODULATORS 
AND TRANSMITTERS 
INPUT AND OUTPUT DEVICES 
SPECIAL DISPLAYS 
MICROWAVE CIRCUITS 











sec 


HUGHES 


RESEARCH AND 


card 
DEVELOPMENT LABORATORIES 


Culver City, Los Angeles County, California 


Relocation of applicant must not cause 
disruption of an urgent military project 
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Hughes. High forward conductance 
plus back resistance on the order of 
10,000 megohms is claimed. Hughes 
Aircraft Co., Culver City, Calif. 
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110 
MAG AMP power supply for VOLT DC 


computers. ROTARY 


Magnetic components have taken 
over the job of operating a power sup- SWITCH RVF 
ply designed for use with digital com- 
putors. Adaptable to 25 kw of power, 
these rack-mounted units are provided 
with multiple outputs for various vol- 30 Points 
tage requirements. Mag-Electric Pro- 6 Levels 
ducts, Inc., 12822 Yukon Avenue, Single 
Hawthorne, Calif. Wiper 


Circle No. 45 on reply card or 
15 Points 


TUBELESS, but packs a 100 — 
win 


amp punch. Wipers 
Perkin Engineering has a compact 

magnetic amplifier regulated power 

supply. This tubeless unit contains 

no moving parts other than the cool- 


ing fan. Its maker claims a substantial Combining outstanding quality and craftsmanship with the most advanced prin- 


a — — ows a ciples of design and construction, the R V F Rotary Switch features greater re- 
units. Perkin Engineering Corp., & liability, smoothness of operation, precision, speed, longer life, compactness 
Segundo, Calif. and light weight as standard specifications. 


1. Built-in silicon carbide spark suppression on 24 and 48 volt 
Characteristics standard switches. 

2. Each switch is shock mounted with full spring suspension for 
AC input. . .230 v +10 per cent, 60 cycles shock and vibration isolation. 
DC output. . . .24 to 30 volts at 100 amp 3. Bank and drive mechanism completely dust-proof—in trans- 
Voltage regulation . l per cent parent cover—permits easy inspection. 

4. Rotor index visible from top or bottom. 
Weight i 5. 10,000,000 revolutions with no adjustment, 
i. ee Oe 6. Bifurcated wiper contacts. 
7. And more... 
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Shorting type wiper contacts . ss 
non-bridging . . . connecting two 
individual adjacent contacts. Inter- 
rupting springs of special contact 
alloy ... needs no field adjustment. 
Spring driven switch rotates in one 
direction . . . eliminates fly-back 
spring. Switch overtravel is impos- 
sible . . . positive stopping at any 
selected point. 


























USAGE: Automatic controls . . . 
Scanning . . . Coding ... Register 
Storage . . . Programming . . . Se- 
quence Operation ... Pulsing ... 
Tele-metering . . . Computors. 


VARIABLE PROCRASTINATION 
through turns for precise lag. 


The Helidel variable delay line, for THE NORTH ELECTRIC 


use in color TV, short memory syvs- pee ~~ : 
tems, high frequency oscilloscopes, \ a ANUT PANY 
etc, is of the distributed-constant elec- > 
tromagnetic type for precise selection 


Originators of ALL RELAY Systems of Automotic Switching 
527 South Morket Street, Galion, Ohio, U.S.A, 
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of very short delay intervals. Physically 

resembling a multi-turn pot, it is avail- 

able in 10-turn and 15-turn units. 

Each is terminated by a 2-w resistor 

in its characteristic impedence of 

1,350 ohms. The 15 turn unit pro- 

vides more than 360 deg of phase shift 

at 3.58 megacycles, and is seen as 

: being particularly useful for color TV 
air phasing requirements. Linearity and 
resolution accurate beyond reasonable 

driven measurement techniques are claimed. 
Helipot Corp., 916 Meridian Ave., 


FOR S. Pasadena, Calif. 
PRESSURES TO 


Measures 30,000 


834" wide x PSI Characteristics 
956" deep 


10-turn total delay 0.2 microsec 
15-turn total delay 0.3 microsec 
24 in. diam x 3} in. long 

20 megacycles 
Rise time 0.0175 microsec max. 
Applicable wherever low volume output at high pres- Resolution 0.02 millimicrosec 
sures is the requirement. For oil or water service. Com- 
plete power packages also available. Send for bulletins. 


SPRAGUE 
nesting Copvation “SP EECO DECADES counting for a 


1144 WEST 135TH STREET, GARDENA, CALIFORNIA _ year with printed circuits. 


Boost 100 PSI. air pressure to 10,000 PSI. fluid pressure 
for $173.25 (FOB Gardena, Calif.). Eight standard 
models for output fluid pressures of 1,000 to 30,000 Band width 
PSI. Special models for lower or higher pressures. 
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A decade counter of The Detectron 
Corp. mentioned in December's New 
RAPID SELECTION OF ACCURATE VOLTAGE RATIOS Products, is not the first with printed 
circuitry, we learn through the cour- 
tesy of EECO. EECO Production Co., 


827 S. Vermont Ave., Los Angeles 5, 
nets Calif. 


MODEL PT-5 STANDARD RATIO TRANSFORMER oe 
| 








Rotary switch selection of accurate 
voltage ratios. Two models available. 
Either model can be supplied in 

case or for rack mounting. Model PT-4 
has frequency range of 30 to 1,000 
cps. PT-5 range 50 to 10,000 cps. 
Ratio value is indicated as direct 
decimal reading. Every switch position 
displays its corresponding digit through 
a dust-proof transparent window. 
Continuous resolution. Phase angle 
(unloaded) is dependent on frequency 
and ratio setting, but is very small. 
Case models have dual-purpose 
handles for carrying or bench “tilt-up” 
operation. All models have cast 
aluminum dust covers. 

| Accuracy of indicated ratios (R): 

PT-4 (30-1,000 cps) +(.004% + .0001%) 








I 

| 7 

| _PT-5.(50-3,000 cps) +(.004% + .0001 %) 
l 


R 
(3-10 ke.) +(.01% + .0001%) 


ADDS CONTROL to almost any 
R 


For complete information and specification sheet measuring system. 
contact your nearest Gertsch representative or 








Simply hook this neat black box 
onto any of your electrical indicating 
‘rpTeru D ae “TrTra itr or recording instruments and you have 
A l Sel | RODUCT \. ING. LOS ANGELES 25, CALIFORNIA an automatic controller. It contains 

‘ a low impedance, positive-locking con- 
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tact meter movement, which is placed 
in series with the measuring instru- 
ment. Isolated dpdt output relay con- 
tacts provide the control signal. The 
unit brings low cost alarm, counting, 
and even closed-loop action to nor- 
mally visual measurements. Day- 
tronic Corp., 216 South Main St., 
Dayton, Ohio. 
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SQUARE WAVE generator 
helps calibrate voltages. 


Shasta’s latest product helps de- 
termine the voltage of an ac signal 
directly on scope faces. By producing 
a constant 1 ke signal with an ad- 
justable voltage, it makes two hori- 
zontal lines on CR tubes which can 
then be used to establish the voltage 
of a second signal. Its output is in 
nine steps, starting at .005 v, with 
3 per cent error per step. Model 402 
it’s called. Shasta Div., Beckman In- 
struments, Richmond, Calif. 
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NEW DELAY LINES differ in 
size and simplicity. 


The Jacobs Instrument Co. has 
brought out three new series of delay 
lines and made additions to its sub- 
miniature series. The three new series 
are military types. The V series has 
the largest number of sections and so 
the largest ratio of delayed time to 
rise time. The U series is simpler and 


increases your power servo ‘figure of merit’ 10,000 times 


ELECTRONS. INCORPORATED 


127 SUSSEX AVENt E 


me 


NEWARK 3, N. J. ; 
nnynh pte HEE 

Fane pote JO" ratun @ 
Puer Ane ae + ‘tagf thyja 


tham, 100,000,000 
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KEARFOTT 


oat 


--.all new 
synchros 


Mechanical 
Stability 


And Low 
in Price 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components. 


Many opportunities in the above fields 
are open—please write for details today. 








Stator integrally bonded with housing prevents null 
shifts when rotating or clamping synchro in its mount. 
All materials have similar thermal coefficient of ex- 
pansion for optimum performance over a wide 
temperature range. Case provides positive grounding 
and shielding. 


10 minutes maximum deviation from electrical zero. 


Housings, shafts and ball bearings are stainless steel. 
Laminations are corrosion resistant, nickel-bearing 
steel. Non-metallic materials are fungus inert. 


1.062" Diam. x 1-45/64 long, weight 4 oz. 


Available with leads or terminals, single or double 
ended shafts. 


Type Model Price* 
Transmitter RS911-1A $29.50 
Control Transformer RS901-1A 29.00 
Repeater RS921-1A 31.50 
Differential RS941-1A 51.00 
Resolver RS931-1A 44.00 


*Based on 1-25 unit price with leads and standard 
shaft. Quantity prices on request. 


Kearfott Series 900 synchros are dimensionally and 
electrically interchangeable with Kearfott R200 Series 
Size 11.Synchros. Write today for data sheets. 


earjfott 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Collif. 
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NEW PRODUCTS 


more compact. The T series is the 
smallest and simplest of all. ‘The range 
of delay time covered by the sub- 
miniature series has been extended to 
.1 microsecond and a 3 microsecond 
series has been added. The Jacobs 
Instrument Co., Bethesda, Md. 


Characteristics 


Rise Time T Series. .45 usec for a 

delay of 2 usec 

...U Series. .3 usec for a 

delay of 2 usec 

V Series. .2 usec for a 

delay of 2 usec 

Working Voltage 500 vde 
For sub-miniature series: 

Working Voltage. . .500 vde 

Weight . .68 oz 

Rise Time. .5 usec for a delay of 2.5 usec 

.75 usec for a delay of 4 usec 


Circle No. 51 on reply card 


Typical application of 2N76 


Collector 








Audio frequency line amplifier 
Power output approx. |5 milliwatts 
Battery drain 
BI 5Mo @1.5 V=75 Mw 
B2 5Ma @60 V= 30Mw 
Power gain approx. 30 Db 
Assuming o&= 095 


EXPERIMENTER’S SPECIAL fills 
general needs. 


GE’s new transistor, the 2N76 was 
designed with broad characteristics to 
make it most adaptable to hobby and 
experimental use. Economical as well, 
the new transistor is immune to change 
by exposure in its ambient tempera- 
ture range or by long storage. Devel- 
oped for audio and supersonic frequen- 
cies, it has a maximum cutoff at 2.5 
megacycles with the design center at 
one megacycle. Alpha center is 0.95, 
max collector voltage minus 20 v, and 
power dissipation of 50 milliwatts in 
25 deg C free air. It should be avail- 
able through GE tube distributors. 
General Electric Co., Syracuse, N. Y. 


Circle No. §2 on reply card 
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CIRCLE HERE 


THE NUMBER YOU 
SELECT HERE 


(57) PRECISION SERVO COMPO- 
NENTS. Infra Electronic Comp. Cata 
155, 26 pp. Mechanical electri 
characteristics and performance curves for 
a line of precision rotating components, 
including motors, gearh motors, re- 
solvers, and various of synchros. 
(58) PERMANE MAGNET DE- 
SIGN. Crucible Steel Co. of America, 
Technical brochure, 26 pp. Discusses 
theoretical and practical of perma- 
nent-magnet design. Incl basic design 
considerations, design of stabilized mag- 
nets, mechanical problems in design, and 
et measurements. 
(59) INFRARED SPECTROMETRY. 
The Perkin-Elmer Corp., 12 pp. Discusses 
the —— ¢ infrared methods to the 
analysis of light hydrocarbon . Covers 
the technical reasons for de an of infra- 
red analysis and also how it is accom- 
plished. 
(60) DATA PROCESSING. Victor Add- 
ing Machine Co., Bulletin 671-55-1, 4 pp. 
Describes a data-processing system het 
will convert 20 channels of analog data to 
digital form, stores data on ic tape, 
and will reduce accumula data to 
punched card form, printed tape, or feed 
an electronic computer directly. 
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(61) CARRIER SYSTEMS. Motorola 
Communications & Electronics, Inc., Bul- 
letin E-111, 12 pp. Explains in detail how 
power line carrier equipment can be used 
with power lines to meet the communica- 
tions needs of utilities. Describes manual 
simplex, automatic simplex and duplex 
of carrier equipment. 
(62) ELECTROM CHANICAL GOV- 
ERNOR. Inet Div., Leach Corp., Bro- 
chure T-8500. Information on a simple 
canted Ger doings agphiioe eo 
m ic-vo regulation or ac 
frequency control. "Direct controls the 
output of the driven unit by mechanical 
connection to the prime-mover throttle. 
(63) FAULT DETECTION SYSTEMS. 
W. F. & John Barnes Co., Brochure, 8 PP. 
Gives detailed description of the 
principles and operation of wired-in = - 
ing systems. Equipment consists 0 
mm J ectrical Coctits wired to wth. 
electrical di s. 
(64) CO OL RELAYS. Assembly 
Products, Inc., Bulletin G-6, 16 pp. De- 
scribes a line of contact meter relays and 
sensitive relays for laboratory and indus- 
trial use. Complete electrical and mechani- 
cal specifications along with detailed de- 
scriptions of typical control circuits. 


POSITION 
COMPANY 


ADDRESS 


(65) MECHANICAL SERVO COMPO- 
NENTS. PIC Design Corp., Catalog, 
64 pp. Information on a line of standard 
mechanical parts and breadboard compo- 
nents. Items covered include precision 
shafts, gears, couplings, differentials, and 
breadboard equipment. 

(66) DIGITAL SUPERVISORY CON- 
TROL. Pacific Div., Bendix Aviation 
Corp., Bulletin ES-1, 8 pp. Briefly describes 
a supervisory system that can measure, in- 
dicate, or control at a distance. Includes 
pressure and shaft-position digital trans- 
ducers. 

(67) REMOTE TRANSMISSION SYS- 
TEM. Automatic Control Co., Bulletin 
9100, 8 pp. Information on the operation 
and application of a remote transmission 
system for water, sewage, and ) pee ae 
uses. Also discusses types of sensing de- 


vices. 

(68) TEMPERATURE CONTROL. Pako 
Corp., Bulletin 75-00R2, 4 pp. Describes 
a system for controlling the temperature 
of working chemical solutions. Uses water- 
wy equipment in which water is 
ated or cooled in accordance with con- 

trol requirements. 

(69) DIGITAL INSTRUMENTS. Brush 

Electronics Co., Brochure. Illustrates and 
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describes a series of five related digital in- 
struments for automatic counting, record- 
ing, and control. Includes a cycling 
counter, a time-interval meter, a combina- 
tion counter-timer, a preset counter, and 
a recording unit. 
(70) SWITCHES AND TIMERS. Zenith 
Electric Co., Catalog, 8 pp. Details on 
automatic transfer switches, magnetic con- 
tactors, and various of timers. Units 
are rugged and intended for severe indus- 
trial applications. 
(71) MERCURY PLUNGER RELAYS. 
Ebert Electronics Corp., Cata 154, 
. oS ois aig on a li a 
eavy-duty mercury re covering e 
trical characteristics and ratings. Applica- 
tion ions are given. 
FE eg ea age 
\. : ic » Bulletin 
400, 2 pp. Gives electrical characteristics 
and application suggestions for an amplifier 
i for use with a linear variable- 
differential transformer. 
(73) SMALL MOTORS. Barber-Colman 
Co., Bulletins F-3959-2 and F-4271-5, 
8 pp. All characteristics for a line of small 
motors varying from 1/200 to 1/20 hp. 
Types include unidirectional, synchronous, 
reversible, and geared head. 
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(74) LOAD AND FREQUENCY CON- 
TROL. Minneapolis-Honeywell Regulator 
Co., Industrial Div., Bulletin 9060, 12 pp. 
Describes a complete load and frequency 
electronic contro] system to regulate fre- 
quency, schedule, and interchange. Re- 
sponse rate is adjustable to the characteris- 
tics of any boiler-turbine or hydroelectric 
installation. 

(75) PNEUMATIC TRANSMITTER. 
Builders-Providence, Div. of B-I-F Indus- 
tries, Inc., Bulletin 285-L2, 4 pp. Describes 
and gives installation data on a pneumatic 
transmitter designed to measure flow, level, 
and differential pressures in water-treat- 
ment plants and for low-pressure industrial 
service. 

(76) PRECISION PHASE METER. The 
W. L. Maxson Corp., Bulletin 950, 4 pp. 
Technical information on an electronic in- 
strument for the measurement of phase 
difference between two sinusoidal ——- 
Any phase angle between 0 and 360 
can be measured without ambiguity. 

(77) ELECTRICAL CONNECTORS. 
Cannon Electric Co., Bulletin AN-E-2, 
12 pp. Describes a line of connectors de- 
signed to meet MIL-C-5015B specifica- 
tions. Complete details given for both 
straight and angle plugs and receptacles. 





(78) PROGRAMMED TEMPERATURE 
CONTROLLER. Leeds & Northrop Co., 
Data Sheet ND46(4), 2 pp. Gives com- 
plete specifications for program control 
systems that are flexible in setting the rate 
of heating, the length of the soa — 
and the rate of cooling in batch heating 


£79) PERMANENT-MAGNET MO- 
TOR. Dalmotor Co., Data Sheet PM-36, 
2 pp. Electrical and mechanical specifica- 
tions for a flange-mounted permanent- 
magnet motor. Rated at 20 watts at 6,000 


m. 
(60) ENVIRONMENTAL TEST 
EQUIPMENT. International Radiant 
Corp., Catalog, 8 pp. Describes a complete 
line of environmental test equipment in- 
cluding temperature, humidity, altitude 
chambers, walk-in rooms, sand and dust, 
explosion, and others. 
(81) TEMPERATURE CONTROLLER. 

bertronic Corp. of America, Catalog, 
14 pp. Technical information covering a 
line of temperature indicators and control- 
lers. Gives on-off relay-type control with 
thermocouple sensing elements. 
(82) SERVO E EQUIPMENT. 
Servo Corp. of America, Brochure, 22 pp. 
Describes company facilities, staff, and the 
types of problems they have handled and 
feel capable of handling. 
(83) AIRCRAFT CONTROL EQUIP- 
MENT. Adel Div., General Metals Corp., 
Brochure 160-86-5M, 16 pp. General in- 
formation on a line of precision aircraft 
equipment including hydraulic valves, 
pumps, and cylinders, pneumatic valves, 
and other of accessories. 
(84) MOTOR-ALTERNATOR. Electric 
Motors and Specialties, Inc., Data Sheet 
HA-2, 1 pp. Details on a precision 30 cps 
motor-alternator. Unit has 115 v, 60 cps 
input and a 30 si output. Both ends of 
shaft are extended. 
(85) GENERAL PURPOSE COM- 
PUTER. Bendix Computer, Bulletin 2-6, 
8 pp. Describes two computers: a stored 
program, general-purpose unit using a two- 
address command system and a second unit 
pone ee a complete digital differential 
analyzer with a general-purpose computer. 
(86) PRESSURE PILOT. United States 
Gauge, Div. American Machine and 
Metals, Inc., Publication P-1, 4 pp. De- 
tails on a pneumatic-pressure controller 
available in ranges from 0-5,000 psi. Well 
illustrated with complete specifications. 
(87) MILLIVOLTMETER PYROM- 
ETER. The Bristol Co., Bulletin P1244, 
12 pp. Describes a complete line of milli- 
voltmeter pyrometers and accessories. In- 
cluded are indicating pyrometers, indicat- 
ing controllers, and portable indicating 
pyrometers. Also two-point and multiple- 
point pyrometer switches. 
(88) DRAFT GAGES. The Hayes Corp., 
Publication 54-1060-210, 4 pp. Covers a 
new line of draft gages that can be used 
for the remote indication of pressure, flow, 
level, temperature, oxygen. Many types of 
mountings are available. 
(89) VALVE SELECTION CHARTS. 
Futurecraft Corp. Designed for the quick 
selection of valve type according to size, 
temperature, pressure, actuating means, 
and liquid or gas service. All valves listed 
are zero-leakage types developed for air- 
craft and guided missiles. 





(90) POTENTIOMETERS. — Clarostat 
Mfg. Co., Inc., Form 753813. Technical 
discussion of the various types of pot 
linearities. Defines and illustrates inde- 


pendent, zero-based, terminal, and index- KC OU] | =J Ac] 

point linearity. ce CC) FOWW OS 
(91) DIGITAL DEVICES. Soraban En- 

gineering, Inc., Bulletin TF-2, 4 pp. De- 


scribes a coded automatic keyboard for 
producing electrical pulse information. Can 


be used to prepare punched tape, for reg ed 
single-handed operation of electric type- 


writer, as direct input to data-handling 
equipment and for manual input for long 
distance communication. 

(92) GRAPHICAL PLOTTER. Telecom- 
puting Corp., Bulletin TC-103, 8 pp. De- 
scribes a high-speed data-reducing device 
that will plot digital data in graphical 
form. Data can be obtained from punched 
cards or from manual keyboard operation. 
(93) DIGITAL COMPUTER BLOCKS. 
Technitrol Engineering Co., Bulletin 
180-Bl, 4 pp. Information on a line of 
unitized computer blocks that permit the 
assembly of special-purpose data-processing 
and computing equipment ranging from 
the simple to the complex. 

(94) PUNCHED TAPE EQUIPMENT. 
Teletype Corp., Brochure, 12 pp. De- 
scribes the construction and operation of a 
high-speed tape punch and a bigh-speed 
tape reader. Both units are available in 
single-tape and double-tape models. Speeds 
are up to 60 characters per sec. 

(95) TANK GAGING EQUIPMENT. - 

Gilbert & Barker Mfg. Co., Bulletins P-591 : TELEPHONE TYPE 
and P-597, 12 pp. Information on elec- 

tronic tank gages and the null-balance re- 

ceivers for these gages. Well illustrated GENERAL PURPOSE 

with detailed technical and application AT STOCK PRICES 
information. 

(96) INDUCTION and TORQUE MO. 1710 STOCK CONTACT SPRING 
TORS. Electric Indicator Co., Inc., Cata- COMBINATIONS 

log £1-3A, 24 pp. Covers a complete line 100 STOCK COILS AVAILABLE 
of instrument-type induction and torque 
motors. Lists physical characteristics, di- LIFE EXPECTANCY — over 50 
mensional drawings, and performance million operations 

curves for each motor type. PRECIOUS METAL CONTACTS — 
(97) ETCHED CIRCUITS. Eastman Palladium or gold alloy 

Kodak Co., Bulletin, 4 pp. Includes tech- 
niques for the production of etched DELIVERY — 20 to 45 days 
circuits using a high-speed light-sensitive 
plastic coating orginally designed for 
photographic applications. Step-by-step 
methods are given. oo 


Nome in 

(98) COMPLEX PLANE ANALYZER. Communica- Kes L OGL 

Technology Instrument Corp., Report 14, sohton _-. LEG 
6 pp. Technical discussion of the applica- lems in the 

tion of the complex-plane analyzer to aiane 
design calculations involving complex num- | 

bers. Device will handle the repeated mul- 4 
tiplication and division of complex num- 
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KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Telephone and Telegraph Corporation 
bers in vector form. 


Sales Offices: 79 West Monroe Street, Chicago 3, Illinois 
(99) DATA RECORDER. Barnes Devel- 
opment Co., Bulletin 4AA, 2 pp. De- F See ee eee eee = 
scribes a data recorder designed to expe- 
dite test work where several measurements 
must be made on several test resistors. 
Useful for various life and environmental & 
tests necessary in conformance, acceptance, 
and production-control testing of resistors. ' C) Please have representa- 
(100) TEMPERATURE CONTROLS. tive call. COMPANY 
The Burling Instrument Co., Bulletin 105, a 
2 pp. Describes temperature-control de- (0 Please send detailed re- ADDRESS——_________- ae ae 
vices that operate by the differential expan- lay information. 
sion of solids. Each is a dual temperature ¥ city EOE reer 
control, incorporating two independent 


switches for operation up to 1,800 deg F. ame one meee ee eee ee 





+ | KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
| 79 West Monroe Street, Chicago 3, Illinois 


NAME__ 
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Lear, Inc., Eliminated 
Finish Grinding 
Operation With 

Speed-Trol 


Speed-Trols on boring machines 
at Lear, Inc., Grand Rapids, 
Mich., resulted in elimination of 
a grinding operation and a re- 
duction in manufacturing costs. 
This was accomplished through 
Speed-Trol’s infinite speed ad- 
justment and accurate speed 
regulation which allowed selec- 
tion of the best cutting speeds 
for Carboloy or diamond tipped 
boring tools and boring to ex- 
tremely close tolerances which 
obviated the need for a former 
final grinding operation. 


STERLING SPEED-TROL 





GIVES YOU VARIABLE SPEED 
CONTROL NECESSARY FOR: 


Equipment adaptation to: Sequence syn- 
chronization — operators’ abilities — load 
variations due to differences in quantity, 
quality, weight, size, tension, hardness or 
shape of material to be processed, machined, 
conveyed, blended, mixed, etc. 
Process control of: Temperature —viscosity 
— level — pressure —flow—etc. 
Time control of: Baking —drying—heating 
— cooking — pasteurizing — soaking — chem- 
ical action—etc. 

With Speed-Trol you get the maximum in 
production, plant efficiency, quality & profit. 





20-page illustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 
Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No. 205. 
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Chicago 35; 





Plants: New York City 51; 


Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and Gistributors in all principal cities 
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WHAT'S NEW ABSTRACTS 


Printed Tubing 


From “Hydraulic Tubing Printed 
in Metal” by Irving Stone. An ar- 
ticle in Aviation Week, Nov. 29, 
1954. 


Tubing is “blown” into 


being 


bonded metal sheets, using printed 
circuit techniques. Two sheets of al- 
most any metal, including stainless, 
are fused by a hot rolling process. But 
one of them has a tubing pattern 








printed in a “stop weld’ (non-weld- 
able) material such as graphite. The 
fusion does not take place wherever 
there is stop-weld paint. After the 
welding processing a needle is in- 
serted into a non-welded “tube” part 
of the sandwich and hydraulic pres- 
sure is used to expand, like a rubber 
balloon, the printed “tubing” into 
the real thing. The size of the tub- 
ing is limited by a platens during the 
expansion process. These platens re- 
strict the maximum width the tube 
can be blown to, and provide outside 
dimensional stability. 

As the printing process is done by 
silk screening, the cost of the silk 
screen is the only special tooling re- 
quired for different tubing configura- 
tions. In one application, retooling 
costs were cut from $50,000 to $50. 

By expanding the tubing between 
platens of rubber and steel, it is 
possible to get arrangements where 
all the tubing appears on only one 
side of the sandwich, and a smooth 
surface on the other. The possibili- 
ties in heating and cooling are al- 
ready being exploited by refrigeration 
manufacturers. Because the tubing 
and sandwich material are the same, 
thermal conductivity throughout the 
whole sheet is a maximum. Aircraft 
skin cooling, electronic package cool- 












ing, and heat exchanger uses in gen- 
eral are naturals for this technique, 
especially in view of the fact that 
rather than increasing weight wher- 
ever applied, the tubing actually in- 
creases the strength of the surface 
material while maintaining the origi- 
nal weight, plus coolant, of course. 
Elaborately curved surfaces can be 
designed where this technique will 
provide not only a source of thermal 
control, but greatly increased rigidity 
at the same time. 

A development of Olin Mathieson 
Chemical Corp.’s Metals Division, a 
broad development program has been 
underway during which Olin has dis- 
tributed hundreds of samples of the 
process for a price of $25 to cover 
material and handling costs. 


Predictor Gets Response 


From “Predictor Control Optima- 
lizes Control-System Performance” 
by Lawrence M. Silva, Beckman 
Instruments, Inc., Fullerton, Calif. 
ASME Paper No. 54-A-132. 


The classical automatic control-sys- 
tem design techniques are based on 
considerations of stability and disre- 
gard the power limitations of the 
source despite the fact that the size 
of the source is the basic economic 
factor in the design of the system. 
The transient and steady-state per- 
formance of an automatic control 
system is fundamentally limited by 
the characteristics and limitations of 
the power source and the nature of 
the load. The specification of the 
power source and the load represents 
the “fixed elements” of the system 
which have to be accepted in the 
design. Given these “fixed elements”, 
then the design of an optimum con- 
trol system requires the synthesis of 
an operator which controls the power 
supplied to the load and which will 
provide for the maximum utilization 
of the power source. The new pre- 
dictor servos are basically high-speed 
on-off servos designed to get maximum 
transient response within the capacity 
limitations of the power source. 

The fundamental concept in the 
predictor method is that the control 
or forcing of the output member must 
be performed in such a manner that 
the error or deviation and its deriva- 
tives should be reduced to zero in 
three steps for third- and higher order 
systems. These three steps consist 
of a single period of maximum correc- 
tive action which forces the con- 
trolled variable in the direction of 








decreasing error or deviation, a single 
period of maximum corrective action 
in the opposite sense to decelerate the 
controlled variable, and finally a force- 
free period at the end of which the 
error and its derivatives simultane- 
ously go to zero. In the practical 
embodiment of this mode of control 
a proportional control action exists 
during the final phase. During this 
proportional control period, the con- 
troller corrects any errors introduced 
by the instrumentation during the 
initial phases. 

In addition to the superior tran- 
sient performance, a predictor-control 
system has the advantage that its 
response is not affected by variations 
in gain, if the gain is sufficiently large, 
and that the allowable gain in the 
proportional region is considerably in 
excess of that permitted in conven- 
tional linear-type systems. As a re- 
sult, the steady-state accuracy which 
can be obtained is not dependent on 
a critical gain setting and the system 
response and accuracy are not de- 
graded by the incorporation of var- 
iable gain elements. 

In practice, it has been possible to 
build these systems with loop gains 
(for zero error) of the order of 10 
to 100 times that which is permissible 
for an equivalent linear control sys- 
tem which is stable. It was found 
that the system performance was not 
affected by variations in loop gain 
of .the order of 10 to 1. 

In all of the systems that have been 
built, passive RC networks and thy- 
rite resistors introduced large phase 
lags. However, in all of these the 
gain was limited by the combined 
action of noise and the saturation 
characteristic of the amplifier and 
it was not possible to obtain an un- 
stable configuration. 


Figure on Backlash 


From “Backlash Considerations in 
Gear Train Design” by D. D. 
Acker and A. H. Maschmeyer, 
North American Aviation, Inc., 
ASME Paper No. 54-A-111. 


Backlash is necessary in any gear 
mesh in order to assure rotation free- 
dom. Gears and their supporting 
bearings are prone to binding, heating 
and excessive wear when backlash is 
not provided. On the other hand, 
excessive backlash may be mechani- 
cally harmful in reversing drives be- 
cause of high impact loading on the 
gear teeth, shafts, bearings, etc. In 
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Compact... Dust-Proof 


TIME DELAY RELAYS 
solenoid actuated — pneumatically timed 


Introduces time delays into a-c or d-c circuits. Easily 
adjusted to provide delays ranging from 0.1 second to 
five or more minutes. 

The AGASTAT is small, light, and operates in any 
position. Dust-proof timing chamber assures long oper- 
ating life with a minimum of maintenance. 





Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 
Dept. A 15-220 
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ABSTRACTS 


gear trains employed for precise po- 
sitioning in automatic control devices 
excessive backlash may result in loss 
of system stability and sacrifice of 
important accuracy. 

Previous methods of backlash com- 
putation considered only “manufac- 
tured” backlash; i.e., backlash pro- 
duced by reduction of circular tooth 
thickness or increase or standard cen- 
ter distance. Backlash introduced by 
small eccentricities existing in the 
shafts, bearings, and gears was ig- 
nored. Eccentricities previously con- 
sidered negligible assume consider- 
able importance under the accuracy 
requirements of some precision gear 
trains. ‘This paper attempts to pre- 
sent an orderly procedure for account- 
ing for these variables. 

The contributions of idler gears, of 
electromechanical components (mo- 
tors, synchros, potentiometers, etc.), 
of adapters and of temperature to 
backlash in a mechanism are dis- 
cussed. A method for calculating 
backlash when a gear train contains 
a differential is included. Finally, in 
the summation, suggestions are of- 
fered to aid the engineer in designing 
a gear train to meet stipulated speci- 
fications as regards backlash. 


Push-Button Pushing 


From “Designing Dependability 
and Safety into Transfer Machines” 
by Judson H. Mansfield, Greenlie 
Bros. & Co. ASME Paper No. 
54-A-78. 


As it sketches basic considerations 
in transfer machine design, Mr. Mans- 
field’s paper is of interest as a “basic 
rules” source. In eight pages of text 
he has stated his points in a form as 
cryptic as an outline. 

He opens with eleven design fea- 
tures insuring transfer machine de- 
pendability (e.g., hardened ways, 
V-belt drives, etc.), and nine which 
promote safety (e.g., available emerg- 
ency switches, guards, etc.). He ob- 
serves that fixtures should be heavy, 
to reduce vibration, open at the bot- 
tom for chip removal, and may have 
built-in air gages that will reject off- 
sized work when it is first loaded. 

On the subject of tool holders, he 
emphasizes ruggedness and the fact 
that counters have been installed on 
tool heads to operate a light when the 
tool reaches its theoretical life limit. 
However, due to variations in cast- 
ings and other factors, tool replace- 





ment is often preferably accomplished 
when a reject is noted during inspec- 
tion, rather than by a preset life esti- 
mate that may be wasteful. 

Under the heading of drives and 
feeds, he notes that V-belt drives are 
much easier to set up than couplings, 
and mentions a number of other de- 
tails of this part of the cycle. 

A typical transfer machine requires 
four circuits. The first positions the 
work hydraulically, the second clamps 
it, the third starts the tool feed cycle, 
and the fourth unclamps it and indi- 
cates a completed cycle on a control 
panel. Each circuit is closed by limit 
switches sensing the end of the pre- 
vious cycle. Some of the cycles have 
a coarse and fine feed, also controlled 
by limit switches. Transfer control 
circuits may require up to 20 miles 
of wire and 1,500 push buttons, re- 
lays, timers, contactors, lights, sole- 
noids, valves, and motors. Because 
transfer systems operate sequentially, 
a failure can be immediately located 
and identified by “pulpit” mounted 
pilot lights that indicate the number 
of completed circuits during each 
cycle. Air gage inspection stations 
can be arranged to stop automatically 
a work cycle as soon as a tool cuts 
outside the tolerance range. Chip re- 
meval cannot only be conveyerized, 
but can be adapted to separate out 
cutting compound and return it to 
the tools to be used again. 

The author warns against overen- 
thusiasm for automatic handling and 
machining with the observation that 
some jobs can be more economically 
handled on indexing machines that 
have enough stations. 


Universal Circuit 


From “A Universal Printed Cir- 
cuit” by J. R. Goodykoontz, Aero- 
nautic Ordnance Systems Div., 
General Electric Co., Tele-Tech, 
December 1954. 


A printed circuit design highly 
adaptable to various modifications and 
interconnections is described in this 
article. Intended to reduce wiring 
time in experimental setups, espe- 
cially those intended for eventual 
printed production, the design illus- 
trated can be easily utilized, often 
without crossovers, to produce a wide 
variety of circuits. Is there somebody 
with a variety of prepunched universal 
circuits available? e author men- 
tions that different interests are likely 
to produce different “universal” con- 
figurations, sizes, line weights, etc. 





ELECTRONIC ENGINEERS: 


INVESTIGATE THESE 
CREATIVE POSITIONS 

AT THE WESTINGHOUSE 
ELECTRONICS DIVISION! 


These top-level positions . . . involving advanced research, development 
and design work with the expanding operation at our Electronics Division 
... offer experienced engineers unlimited opportunity to create. 


Income and other benefits, as well as our professional working 
atmosphere and conditions, will prove attractive to all qualified 
applicants. An illustrated brochure will be forwarded promptly, upon 
receipt of your inquiry. 


OPENINGS EXIST FOR— 
MAGNETIC AMPLIFIER ENGINEERS 


Applied research, development and design of magnetic 
amplifiers and transformers, reactors and saturable reactors, 


UHF COMMUNICATIONS ENGINEERS 


Applied research, development and design of military 
UHF communications apparatus at all power levels, 
and for both transmitters and receivers. 


ANTENNA AND WAVEGUIDE ENGINEERS 


Applied research, development and design of 
antennas and waveguide systems for military 
communications and radar equipment. 


RADAR INDICATOR SYSTEMS ENGINEERS 


Planning, studying, proposing, and advanced 
research, development and design to include search, 
fire-control and missile guidance systems. 


WRITE TODAY TO ARRANGE FOR CONFIDENTIAL INTERVIEW: 


R. M. Swisher, Jr. 

Employment Supervisor, Dept. 91 
WESTINGHOUSE ELECTRIC CORPORATION 
2519 Wilkens Avenue 

Baltimore 3, Maryland 


you can 6c SURE... 
ws Westinghouse 
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+». any moving metal object 


“AUTOMATES” YOUR OPERATION 
or ACTUATES INSTRUMENTS 


through these 


ELECTRO PICK-UPS 


. . - Without contact or “loading” 


PROXIMITY 
PICK-UP SYSTEM 





Ideal for use where ac- 
tuating object moves 
slowly. A high fre- 
quency carrier-operated 
transducer that works 
on a principle like that 
of a military mine de- 
tector. A constant am- 
plitude of 5 volts is 
produced when any 
metallic mass is Modzl 
brought near the pick- 4900 
up. Output voltage is independent of 
the speed of the actuating object. Volt- 
age can be amplified to do mechanical 
work synchronized with the exciting ob- 
ject or fed to a measuring or counting 
instrument. 









Produce AC voltage pro- 
portionate to rate of mo- 
tion of any magnetic 
metal object traveling 3” 
Model per second or faster. 
3010-A 


MAGNETIC PICK-UPS 





For use where space is 
limited—same speed ra- 
tio characteristic as the 
3010-A ...up to 25% of 
its output. 


as 


Model 3015 





Electro Pick-ups are actuating synchronized au- 
tomatic operations in many industries—send to- 
day tor details of how they can work for you! 


LABORATORIES 
Dept. C-2 4501 Ravenswood, Chicago 40, Ill. 
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Canada: Atlas Radio Corp., Ltd., Toronto 
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CED ELECTRO PRODUCTS 


ENGINEERING 





WHAT'S NEW: BOOKS 


All About Rectifiers 


Merattic REctTIFIER MANUAL, 6 x 
9 in., 128 pp. Published by Bradley 


Laboratories, Inc., New Haven, 
Conn. $2.00 
This is a useful handbook about 


rectifier types, designs, circuitry, char- 
acteristics, and applications. Many un- 
orthodox circuits are discussed, such 
as those concerned with modulation, 
current limitation, and arc suppression. 

There are three basic sections, in- 
cluding a chapter on the history and 
development of both the selenium 
and copper-oxide rectifier. A catalog 
of rectifiers produced by Bradley Lab- 
oratories is included as a final section. 

The applications section is the ma- 
jor feature. This chapter describes in 


| detail such rectifier applications as 


| the field warrant. 





| cathodic protection, magnetic ampli- 


fiers, battery chargers, electrochemical 
processes, electrostatic dust precipita- 


| tors and dc blocking. 


Other uses described include clip- 
pers, slicers and limiters, generator 
voltage regulators, dynamic braking of 
motors, aircraft power supply systems, 
and meter overload protection. A sub- 
section deals with television and radio 


applications. 
Photographs, charts, diagrams and 
graphs throughout illustrate basic 


points. The manual will be revised 
and supplemented as developments in 
This service is in- 
cluded in the purchase price. 


Simultaneous Equations 


CONTRIBUTIONS TO THE SOLUTION 
oF SysTEMS OF LINEAR FQUATIONS 
AND THE DETERMINATION OF EIGEN- 
vaLuEs. Edited by Olga Taussky, 
National Bureau of Standards Ap- 
plied Mathematics Series 39, 139 
pp. $2.00 (Order from the Govern- 
ment Printing Office, Washington 
25; Dt) 


This volume describes many meth- 
ods of solving linear equations and 
inverting matrices. Most emphasis is 
on elimination methods and on related 
schemes involving the triangular reso- 
lution of matrices, but some attention 
is given to iterative solutions. Twenty- 
six numerical examples (usually for 
matrices of order six) are given, with 
complete computational layout and 
fuli details. 

The seven papers presented in this 
volume will be helpful to mathema- 
ticians and physicists and to engineers 
working in all fields of physical science 


where problems may be expressed in 
the form of simultaneous equations. 
Since this is one of the most common 
forms in which both theoretical physi- 
cal problems and physical data may be 
expressed, the scope of the fields in 
which this material has application is 
wide. The volume should be of par- 
ticular value to agencies and organiza- 
tions having high-speed digital com- 
puting machines. 


Controllers Described 


Process Controt. By A. ]. Young, 
Imperial Chemical Industries, Ltd., 
54 by 84 in., 132 pp. Published by 
Instruments Publishing Co., Pitts- 
burgh 12, Penn. $2.00 


This book explains the basic princi- 
ples of chemical-process control. Ex- 
planations throughout the book are 
clear, concise word descriptions rather 
than advanced mathematical theory. 
The result is a book that induces a 
more intuitive grasp of the subject 
than do some of the more erudite the- 
oretical treatments. The approach is 
that of the practical engineer, and it 
makes use of the frequency response 
techniques which are becoming more 
widely adopted today. 

Basic principles are developed start- 
ing with an introduction to the feed- 
back control loop, through propor- 
tional and integral and derivative 
control action. The terminology is 
that of the British Standard, since 
the major portion of the text was 
originally written for the British jour- 
nal “The Industrial Chemist.” 

A useful and important contribution 
of the book is the illustrated word 
descriptions of the operating princi- 
ples of commercially available control- 
lers—pneumatic, electrical, electronic, 
electropneumatic, and mechanical— 
including controllers of American, 
British, and German manufacture. 


Up-to-Date Motor Control 


MAGNETIC CONTROL OF INDUSTRIAL 
Morors. Gerhart W. Heumann, 
Industry Control Dept., General 
Electric Co., 6 by 9 in., 714 pp. 
Published by John Wiley & Sons, 
Inc., 440 Fourth Avenue, N. Y. 16, 
N. Y. $9.50 


This is the new second edition of 
an important book in General Elec- 
tric’s advanced engineering series. It 
has been updated to include much 
new material on adjustable voltage and 
regulating systems, particularly on ro- 





tating and magnetic amplifiers. This 
is not a book on feedback control— 
there are other kinds. Feedback is nat- 
urallly touched upon in several places, 
but a thorough analysis of feedback 
design is not the intention. 

This is an application book. It ex- 
plains the performance of motors, 
characteristics of control devices, and 
the operation of commonly used con- 
trol circuits. There are chapters on 
de and ac motor operation, on de and 
ac contractors and relays, on de and 
ac and Amplidyne control circuits, on 
manual controllers, general-purpose 
controllers, and de and ac intermit- 
tent-duty controllers. 

Increasing complexity of industrial 
drives and changes in design of com- 
ponents are responsible for numerous 
changes in industrial practices. These 
have resulted in changes, especially 
in the NEMA Standards for Industrial 
Control. All statements, tables, and 
diagrams conform to the latest indus- 
trial standards. 

The book intends to help the engi- 
neer select the proper motor controller 
for a specific application, and it covers 
the subject exhaustively. 


Materials Handling 


Conveyors AND RELATED EQuip- 
MENT. Wilbur G. Hudson, 6 by 9 
in., 524 pp. Published by John 
Wiley & Sons, Inc., 440 Fourth 
Avenue, N. Y. 16, N. Y. $9.00 


This is the third edition of another 
useful applications book. Aimed par- 
ticularly at the plant engineer and 
consultant, it avoids the details of 
design of chains, bearings, shafting, 
gearing, etc. It has been enlarged 
about 25 per cent over the previous 
edition, and includes up-to-date infor- 
mation about pneumatic conveying, 
hydraulic conveying, belt construction, 
and dynamatic drive control. 

The book covers the entire field of 
materials handling. It discusses gen- 
eral principles, screw conveyors, flight 
conveyors, bucket elevators, skip hoists, 
bucket carriers, continuous flow con- 
veyors, pneumatic and hydraulic con- 
veyors, and belt conveyors. The book 
also covers the use of motorized in- 
dustrial lift trucks. There are chap- 
ters on unit loads, storage and trans- 
port, bins and bunkers, unloading 
water-borne cargoes, crushers, hammer- 
mills, and pulverizers, feeders, screens, 
and gates, car unloading, weighing, 
chains, drives, drive-groups, motors, 
- and power-plant coal and ash handling. 


Engineers £ 


WRITE FOR NEW CATALOG ON 
MERCURY PLUNGER RELAYS 


CARRIES UP TO 
60 AMPS. 


Motor Loads Up 
to 3 Hp. 


Send for 


FREE CATALOG ee aE 


and 30-day 


test details 


EBERT ELECTRONICS CORP. 


212-31 JAMAICA AVE., QUEENS VILLAGE 28, N. Y. 





ARENS 


MINIATURE 
RIGID CONTROLS 


~ 





Push-Pull 
Control 
Accuracy 


“z \’ 
% Minimum of Intermediate Support 


%* Will Operate Efficiently Through 
Tight Bends 


% Long Life, Trouble-free Service 


Precision miniature rigid controls are 
ideal for reset mechanisms, actuators 
for valve position indicators, and other 
instrument and machine applications. 
They are low-cost, relatively simple to 
install, and provide a positive direct 
link. 


Write for complete information, 


g your opp 


ARENS CONTROLS, INC. 


2027 Greenleaf Street, Evanston, Illinois 
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Now your EARS can "SEE" 
those hidden troubles 





..+ Cuts servicing and maintenance costs 











Most effective instrument ever developed 
for pin-pointing and identifying mechanical 
defects. Saves time and dollars tracking 
down troubles in bearings, gears, mechan- 
isms . ... detects leaks, knocks, piston 

slaps—any defects that make a sound. 
A precision instrument of Marsh qual- 
ity, sensitive to faintest sounds... 

with handy probe and headband as 

illustrated. A remarkable tool, mod- 
erately priced. 


MARSH INSTRUMENT CO. 
Sales Affiliate of Jas. P. Marsh Corporation 
Dept. Y, Skokie, Illinois 


Ask 
for 
Circular 











IMMEDIATE OPENINGS 
for 


ENGINEERS ana PHYSICISTS 
With Design Experience 
in the Following Fields 


¢ FEEDBACK CONTROL SYSTEMS 
¢ HYDRAULIC SERVO SYSTEMS 
* HYDRAULIC COMPONENTS 


Capable of development of diversified equipments and « 
industrial and military use. 


ts for 





r 


Secure positions, excellent working conditions, opportunities for advance- 


ment. 





Lxcellence in Clectronics 


Write: RAYTHEON MFG. CO. 


Attn. Mr. A. H. Nile 
190 Willow Street, Waltham, Mass. 
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i WHAT'S AHEAD: MEETINGS 


JANUARY 


Texas A & M, Symposium on Instru- 
mentation for the Process Indus- 
tries, School of Engineering, Chem- 
ical Engineering Dept., College 
Station, ‘Texas. Jan. 26-28 

American Chemical Society, (Sympo- 
sium on hydrocarbon chemistry), 
Rice Hotel, Houston, Texas. 

Jan. 27-28 

American Institute of Electrical En- 
gineers (winter gencral mecting), 
Hotel Statler, New York, N. Y. 

Jan. 31-Feb. 4 


FEBRUARY 


Institute of Radio Engineers, South- 
western Convention, (session on 
servomechanisms and feedback con- 
trol systems, Feb. 12), Baker Hotel, 
Dallas, Texas. Feb. 10-12 

National Society of Professional Engi- 
neers, annual spring meeting, Hotel 
Charlotte, Charlotte, N. C. 

Feb. 18-19 

Instrument Society of America, New 
York Section, (session on instru- 
mentation for data reduction and 
presentation), Hotel Statler, New 
York, N. Y. Keb. 23 


MARCH 


American Institute of Electrical Engi- 


neers, Institute of Radio Engineers, 
Association for Computing Ma- 
chinery, Western Computer Con- 
ference, Hotel Statler, New York, 
N. Y. Mar. 1-3 
Instrument Society of America, Pitts- 
burgh Section “Instrumentation in 
the Iron and Steel Industry,” Hotel 
William Penn, Pittsburgh, Pa. 
Mar. 8-10 
Institute of Radio Engineers, National 
Convention, Waldorf-Astoria and 
Kingsbridge Armory, New York, 
N. Y. Mar. 21-24 
American Institute of Electrical En- 
gineers, Materials Handling Confer- 
ence, Hotel Cleveland, Cleveland, 
Ohio. Mar. 28-29 
American Society for Metals, Ninth 
Western Metal Congress and Ex- 
position, Ambassador Hotel and 
Pan American Auditorium, Los 
Angeles, Calif. Mar. 28-Apr. 1 


APRIL 


American Society of Mechanical En- 
gimeers, spring meeting, Lord Balti- 
more Hotel, Baltimore, Md. 

Apr. 18-20 
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@ Design 
® Patents 
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Economic Studies 
Management 





Builders Dall Flow Tube 
| reduces meter head loss 
where it counts ... . 








GEORGE H. BATEMAN 


Engineering Services 


Custom design of electronic devices for remote and at the pipe line ! 
autematio control using magnetic amplifiers, tran- 
aistors and vacuum tubes. 


picts maa aR ES Here's what you can gain by replacing orifice plates with Dall 


Flow Tubes in your pipe lines: You reduce pumping costs. You avoid 
ROGER BARRETT BROSS the expense of purchasing over-sized pumping equipment. You gain 
Consulting Engineer adequate process flows without building new and costly piping 
SPECIAL ELECTRIC MOTORS tee : a . 
ELECTROMAGNETIC COMPONENTS layouts. With it, you obtain top repeatability and long life. 
Design - Development - Manufacture : : : 
Testing - Application Builders Dall Flow Tube gives maximum pressure recovery — more 


25 Curtis Rd OL 38-9235 ag A 
tee ek, tna Shins than any other velocity increasing flow tube. It’s compact and eco- 


nomical, too. For complete details, write for Bulletin 115-L1. Builders- 
Providence, Inc., 528 Harris Avenue, Provid 1, Rhode Island. 
HANSON-GORRILL-BRIAN INC. ©), ee a hae niga 


Sontag coer Rien UILDERS-PROVIDENCE 














ELECTRICAL - ELECTRONIC 
HYDRAULSC - MECHANECAL DIVISION OF B-I-F INDUSTRIES, INC. METERS 

One Continental Hill Glen Cove, N. Y. BUILDERS IRON FOUNDRY © PROPORTIONEERS, INC. © OMEGA MACHINE CO. RB FEEDERS 
Glen Cove 4-7300 WA) CONTROLS 











INTERFERENCE MEASUREMENT 


LABORATORY — . 
Consul ti Research—D " . 
ieeestonease, Study per Go & Snecift 
Shielded 
articles 
ALBERT WIEBE and ASSOCIATES 
Engineering Consultants 


Space for Interference Investigation 
Radio Interference Filters 
Improved Inspection Instrumentation for Quality CONTROL ENGINEERING article reprints 


Control — Automation. Ss on 4 a - juction R 5 . a 4 
My Ry, BA, beginning with the December 1954 issue are 
tract Specification Performance Helremetia 


550 Fifth Avenue, New York 36, available to subscribers. 
Phone Plaza 7- 3638 — Eapl. 5- iri 


Attention 1954’s EDITORIAL INDEX 
CONSULTING ENGINEERS CONTROL ENGINEERING’s 1954 EDITOR- 


As you already know, the field of Control En- ; tc avails 
gineering is growing by leaps and bounds IAL INDEX covering Volume I is available to 


throughout all industries. What you might not : 
know is that many, many companies have actu- subscribers. 
ig pi in instrumentation 
and automatic control ‘for 1955. Many of these 
firms, out of necessity, will have to enlist the 
aid of a Consulting Engineer to solve problems 
that will arise resulting from this changeover. LIMITED SU PPLY 
By offering your specialized services 








907 East Sist Street Brooklyn 3, New York 
Ingersoll 9-1765 

















through a professional card in this “Profes- 


vn oc ger wane cone || SINGLE COPIES FREE .. .ADDITIONAL COPIES AT COST 
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of invoice. Send us your order for the next New York 36, New York 


mates ENGINEERING 














FEBRUARY 1955 107 














Ci/S FOR ENGINEERS 


THIS MONTH'S BIG CAREER OPPORTUNITIES 


DEVELOPMENT ENGINEERING* 


Digital computer circuit design— 
electronic pulse circuits for account- 
ing and data processing machines— 
arithmetic, switching and logical 
circuitry—magnetic storage—tran- 
sistor circuitry—input-output device 
controls—pulse amplifiers, shapers, 
gates, etc. ALSO excellent openings in systems 
planning, functional and reliability analysis, elec- 
tronic component development, packaging, diag- 
nostic and application program development. 


Be ee ee 


“IBM GREAT PLACE TO WORK" 


3 "hy Ras Bi rr és fone ea ‘3 


f 


says development engineer 
now in his 8th year 
with the company 


ON os ais «he ee ede: 


“Every year with IBM is 
more challenging than the 
last,” says Max E. Fem- 
mer, Development Engi- 
neer at Poughkeepsie. “It was a tremen- 
dous satisfaction in 1952 to help develop 
IBM’s outstanding 701 Electronic Com- 
puter. Today our projects and our work 
are even more interesting. Both my wife 


Beat fois 





and I think IBM is a wonderful company.” 

Mr. Femmer is Technical Administrator 

of the entire Electronic Data Processing 
Machine Development Program. # 
MAGNETIC CORE MEMORY J 
DEVELOPED BY IBM STAFF & 





This is a Microsecond 
Memory—developed and ¥ 
perfected by IBM engi- 
neers—with data transmis- 
sion in and out of storage 


SR Bada he ea ERS ath 1 8 ER BA, nel 


at the rate of more than | 4 
43,500 characters a sec- 
ond. A random access unit 
the IBM magnetic core can locate and 
move 5 characters to a programmed loca- 
tion in 35 millionths of a second. 
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MANUFACTURING ENGINEERING#*# 


Design and development of elec- 
tronic test equipment for digital 
computer production testing —cir- 
cuit design—systems planning and 
analysis—test planning. ALSO ex- 
cellent openings in functional and 
acceptance testing —test equipment 
installation and maintenance—automation engi- 
neering —manufacturing research. 


*Required—a degree in E.E., M.E., or a Physics 
B.S. or B.A., or equivalent experience. 


Desirable—experience in any of the following 
fields: digital and analog computers, including air- 
borne types, radar, TV, communications equipment, 
relay circuitry, automation, servo-mechanisms, in- 
strumentation, or data handling systems. 


For information 
on these career opportunities 
WRITE, 
giving details of education and experience, to: 
William M. Hoyt 
IBM, Dept. 686(26) 
590 Madison Ave., New York 22, N.Y. 


Your replies, of course, will be held in strictest confidence. 
INTERNATIONAL BUSINESS MACHINES CORPORATION 


IBM joins America in saluting all ENGINEERS during 
NATIONAL ENGINEERS’ WEEK, Feb. 20-26, 1955. 


World’s Leading 
Producer of 
Electronic 
Accounting 
Machines 

and Computers 











The Classified Advertising Section of CONTROL encineerinc 


wrgunes: “OPPORTUNITIES” {3:0'or isu. 
UNDISPLAYED —RATES— DISPLAYED 


$1.50 per line, minimum 3 lines, To figure advance payment count The advertising rate is $14.00 per inch for all advertising appearing 
5 average words as a line. on other than a contract basis. Contract rates quoted on request, 


REPLIES (Bow No.): Address to office nearest you IMMEDIATE DELIVERY STEPPING SWITCHES 
NEW YORK: 330 W. 42nd St. (36) Mfg by Western 
CHICAGO: 520 N. Michigan Ave. (11) PRODUCTION oley-V hanel 33 . Electric, Auto- 
SAN FRANCISCO: 68 Post St. (4) LY = eeagepam 
LOS ANGELES: 1111 Wilshire Blvd. (17) ; NIA Minor Switch 
_ x | sh 10 steps and off 
Ale! Z Uy: Contacts: Gold 
POSITIONS WANTED ss x plated brass; 
——— “ ’ Y " Bridging W iper; 
ELECTRICAL ENGINEER. Member IRE, Ni 5 Coeresne vee s 
AIEE, Free lancing in electronics, wishes to = bo . . 
represent manufacturer of automatic control , - Tet Weight 1 
equipment as Field Engineer in service and/ot ss . 
application. 11 years experience in Industrial =A Lots 
Electronics, Design-Service. Midwest. PW- Each of 10 
4757, Control Engineering. SS5 Single Level; 6 to 12 VDC 10 95 
‘ ‘ Single Level; 24 to 36 VDC..11.95 
AUTOMATION. TOP electro-mechanical con- WESTON TYPE 705 SENSITROL 7 rs eneee es : eS = sOVDC. 12:95 
trol engineer available for management staff, 15.800 NOW IN STOCK! aap? Two I ~ 5] "6 to 12 vVDC.12 95 
PW-5037, Control Engineering. , : ¢ wars SWO LOVE, © r Woy 


Operation is as follows: 78: Two Level; 24 to 36 VDC. 13.95 




















—, The sameseey Seenen is 5 #R979: Two Level; 48 to 60 VDC. 14.95 
small powerful permanen » Weate eR 
FOREIG ER CE magnet and movable contact Mfg. by Ww Beate k a 
N S VI is tron “‘rider’’ mounted on tric ol 7 d atomat 
pointer which travels over Electric Sales; 22 step 


relay scale. Operating 5 levels; Bridging Wip 
INSTRUMENT REPAIRMEN i)? terque moves pointer into ers; Contacts Gold 
PED ir 4 magnetic field of stationary plated brass AL 
‘ 4362° contact. This contact then Interrupter Switch 1 Break-Make; Net 
Minimum 4 years’ Journeyman experi- draws movable contact and Weight: 2 Ib. 2-02 rip 
i i . irmty. “ 8S6 “H ing’ Type; Double-Ende< ipers; 
ence inspecting, testing and repairing pong g Be ten ten pe Dh mnt . oming’ Type ; De 
modern flow, pressure and temperature remain Cee entit reset se _climinated. Contacts #R926; 6 to 12. VDC............. 14.78 12.00 
instrumentation in petroleum or chemi- e considered as within 5% of the range. Operates oeest: c. ves o Lo oe as ‘aes 
cal processing plants. Sepa Soh 2 cnotacet or a group of thermocouples. Mfg by Western Electric Co., Automatic 
| Double contact with Solenoid Reset; Sensi- Electric Sales; 44 step; 2 levels; Bridging 
R LAY ( NICTANS tivity 7.5 Microamps; Reset coil 6-24 VDC or Ww erage Be ent yh pietee = neg pe 
24 VAC; Makes contact on increasing or de- rupter Switch rea Make; Ne eig 
i re x values; acts: “Twintacts”’, Ca- 1 Ib, 14 oz. a 
Qualified Journeyman Electrician with pte ag Payne ogee oe plated $S7 “Homing” Type; Double-Ended Wipers; 
minimum 2 years’ experience as a Brass cover; Weston Model 705 Type 6 Step in One aay 14.75 12.00 
9 = 7:6 to 12 Cc Bests t 
Relay Technician investigating and cor- #R560 . #R927; 6 to 12 VD 


i 10 for $170.00 #R9Y82; 24 to 36 VDC 
recting power line circuit troubles Same as +#R560 a with ass face: #R983; 48 to 60 VDC 
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caused by relay failures. Weston Model 705 Type 6 #R56 9.75 SEND FOR COMPLETE CATALOG 
Write giving full particulars regarding | | ; __ 10 for $180.00 ; : TERMS:—All Prices F.0.8. Our Plant. Rated Firms 
Ss le contact (N lly Open), Solenoid 
personal history cand work qupesionse. ee, ee eee Seems, Seeemnes Net 10 Days; All Others Remittance with Order. 
Please i Reset; Sensitivity: 10 Microamperes; Reset Orders Under $10 Remittance With Order. Plus 
- coil; 6-24 V DC or 24 V AC; Contact: ““Twin- Approximate Shipping Charges (overage will be re- 
Recruiting Supervisor, Box 97 tact’’, capacity 100 ma at 110 volts; Glass turned.) 


Face: Weston Model 705 Type 4 #R523.17.75 Cable Address: UNIGENCOR, N. Y. 
ARABIAN AMERICAN Same as #R523 with’ Denes Cover Weston 
OIL COMPANY Model 705 Type 4 #R523N 16.75 
505 Park Avenue Producti a Qua ain & allabl 
uction antities Available. 
New York 22, N. Y. Call Us for Prices. 


























ENGINEERS ah cA TS 
ELECTRONIC AND E te st G j N E E R S 


en — LEAR, INC. 


experience. Essential qualifications are ae 
abilities and experience in electronic and/ = 
or electro- a systems engineering 


with A hers, telomotering —a leading designer and producer of precision elec- 
and computers. ‘Salary commensurate with trical, electronic and mechanical accessory devices and 
Spero cang ER ae A gree instruments for the aviation industry, in 1955 will sub- 


stantially increase the engineering programs of its Grand 
DALMO VICTOR COMPANY 


Rapids, Michigan, division. 
1414 El Camino Real San Carlos, Calif. 


@ MECHANISMS DESIGN 
@ FRACTIONAL H.P. MOTORS 
DESIGN 
ENGINEER 


and recent graduates © SERVOMECHANISMS 
can work at their @ GYRO INSTRUMENTS 
maximum skills in @ ELECTRONIC COMPONENTS 
Independent research & development 
with established control company. Ca- 
pable of designing electro-magnetic de- 


these aviation-related : @ ELECTRONIC CIRCUITRY 
. ; . z @ AUTOMATIC FLIGHT 
engineering fields: 
vices. Experience in design of control 


CONTROLS 
Electrical Engineer or Mechanical Engineer degree or equivalent practical 
for A-C & D-C service to 750 volts from 
10 to 1000 amperes. Substantial salary. 


engineering experience. Background in design of intricate precision mechanical, 
electrical or electronic devices preferred. 

Advancement. 

Write G. Franklin 


To apply, send resume to: EMPLOYMENT MANAGER 
LEAR, INC. 

AUTOMATIC SWITCH CO. 

Orange, New Jersey 


ae lonia Ameen, N.W., Grand ae 2, pee anc 











Experienced engineers 
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LNA 





lA 
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RCA’s continuous electronic a hi G | K it 7 R S 


research and development provide 


immedi 4 fa The APPLIED PHYSICS LABORATORY OF THE 
: ediate Opeaings in its Analog JOHNS HOPKINS UNIVERSITY offers an ex- 





the 


RCA . and Digital Computer Fields | | ceptional opportunity for professional advance- 


‘ i age ment in a well-established laboratory with a 
for EE 8, ME s and Mathematicians reputation for the encouragement of individual 


COMPUTER with a ss of 3 years’ | — and self-direction. Our program 
: applicable experience. Openings GUIDED MISSILE 
ENGINEER © in several fields with special DEVELOPMENT 
: emphasis on Computer circuitry. provides such an opportunity for men 
qualified in: 
ELECTRONIC CIRCUIT DESIGN AND 
These positions offer a challenge to the skills and abilities of |] ANALYSIS 
valified Engineers. nings are in the Greater Phila- | | DEVELOPMENT AND APPLICATION OF 
q lohi gineers. Opening ' TRANSISTOR CIRCUITRY 
delphia area. SERVOMECHANISMS AND CONTROL 
INPUT-OUTPUT DEVICES || SYSTEM ANALYSIS 
VIDEO PULSE TECHNIQUES ELECTRONIC EQUIPMENT PACKAGING 
se AN : MAGNETIC RECORDING INSTRUMENT DESIGN 
There are several opportunities in: . HIGH SPEED MEMORY MISSILE SYSTEMS DEVELOPMENT 
* FEED BACK AMPLIFIERS 
CODING AND DECODING any verre 


RELAY CONTROL 
Please send your resume to 


Glover B. Mayfield 
Mr. John R. Weld, Employment Manager APPLIED PHYSICS LABORATORY 
Dept. A-4B, Radio Corporation of America | 
Camden 2, New Jersey THE JOHNS HOPKINS UNIVERSITY 
8621 Georgia Avenue 
» RADIO CORPORATION OF AMERICA Silver Spring, Maryland 


Send a complete resume of your education and experience to: 











UNIVERSITY of MICHIGAN 


ENGINEERS and 
SCIENTISTS 


Unusual opportunities for out- 
standing and experienced men are 
available at the University of 
Michigan's Willow Run Research 
Center. Research Engineers and 
Physicists with advanced degrees 
and/or experience in the fields of: 


DIGITAL COMPUTER LOGICAL DE- 
SIGN @ INFRARED @ ACOUSTICS e 
DIGITAL COMPUTER PROGRAMMING 
ELECTROMAGNETIC THEORY @ COM- 
MUNICATIONS CIRCUIT DESIGN e@ 
COMPONENT DEVELOPMENT e 


C A L L | N G a A he D F O 4 | ane oly =— ENGINEERING @ 


Salary commensurate with training and 


|| experience. Excellent working condi- 

A te we | L L | A N T FE U T U R t || tions. Liberal vacation policy along 

eee with other fringe benefits. Unusual 

opportunity to carry on University 

graduate studies while working full 

time. Moving expenses paid. U. S. 
Bendix Missile Section is a major contractor in the U.S. Navy’s guided Citizenship required. 


missile program --a part of the “new look” in our defense plan. Our Write, giving details of education 
and experience, to 





expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 
Analysts, Project Coordinators, and Designers. Take time now to look 


‘into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 


W. N. MacDonald, Personnel Office 
University of Michigan 


Willow Run Research Center, 
Ypsilanti, Michigan 
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DESIGNERS - DRAFTSMEN 
Electronic Mechanical 


THE MELPAR SYMBOL 
STANDS FOR 


Growth - Progress - 
Leadership 


IN RESEARCH AND DEVELOPMENT 
OF ELECTRONIC EQUIPMENT 


Diversified and Challenging 
Problems 


A real appreciation and 
recognition of 
the individual’s merit and ability 


An opportunity for 
aus ified men to join e 
company that is steadily grawing 


Vig : 
many advantages 


ur 
Technical Personnel 
Representative will give 
you complete details of the 
opportunities available to men 


qualified in the following fields 


* Network Theory 

* Microwave Technique 

* UHF, VHF or SHF Receivers 

* Analog Computers 

* Digital Computers 

* Magnetic Tape Handling Equipment 

* Radar and Countermeasures 

* Packaging Electronic Equipment 

* Pulse Circuitry 

* Microwave Filters 

* Flight Simulators 

* Subminiaturization Techniques 

* Electro-Mechanical Design 

send complete resume to 

Technical Personne! Representative, 


melpar, inc. 


A Subsidiary of the Westinghouse Air Brake Co. 


452 Swann Ave., Dept. CE-6 
Alexandria, Virginia 


or 11 Galen St., Watertown, Mass. 
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of weapons 
engineering 


experience 


If you’re looking for an opportunity to work with the finest mindpower 
and facilities in the whole new world of aircraft development...if you 
want to harness the power of great knowledge to your own technical 
training...then you should know this: 

Martin’s engineering staff represents an aggregate of 10,000 man-years 


of engineering experience, covering every branch of the acronautical 


sciences. 


And there is—and always will be—a need for outstanding “new blood” 


in this organization. 


If it’s only a job you want, the woods are full of them. But if you are one 
of the few who are destined to go far in this industry, you'd be wise to 
take an engineer’s-eye view of the mindpower and the facilities you'll 


be working with. 


Write to J. M. Hollyday, Box C-2, The Glenn L. Martin Company 


BALTIMORE: MARYLAND 


FEBRUARY 
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MECHANICAL 
ENGINEERS 


Ready for...a CHANGE? 


* If you feel that your present job does 
not offer you the future you desire—and 


2 you qualify—we are interested in YOU. 
Admiral 


We have openings in our expanding 
Mechanical Engineering Department for 
experienced men to design and develop 
mechanical parts of TV receivers. Duties 
include working from general instruc- 
tions or rough sketches to evolve com- 
plex mechanical layouts and to co-ordi- 
nate all mechanical phases of a project. 








ALL POSITIONS are permanent . . . the company 
has a well-planned, long-range program of design 
and development. 


@ Please write Mr. Walter Wecker, Personnel Division, 
giving related experience and educational qualifica- 
tions. We will be happy to send you more information 
on career opportunities and other advantages. 


3800 W. Cortland St. 


rye filiael Corporation Chicago 47, Illinois 


ELECTRICAL DESIGN ENGINEERS 
you can be SURE of a 
CLEAR BRIGHT \\w— 
FUTURE win 4 


Ww Westinghouse 


inour Electronic Tube Division 
AT ELMIRA, NEW YORK 





Designing, costing and guiding construction of processing and testing 
equipment, e.g. atmosphere furnaces, electrical welders, induction 
heaters, X-ray seasoning and test units, waveguide apparatus, tran- 
sistor life test units. 


We offer you an enjoyable life in N. Y. State’s resort lakeland .. . 
and a rewarding career. Interviews arranged in your arec or travel 
expenses paid if invited to Elmira for interview. Send resume: 


WESTINGHOUSE Electronic Tube Div., P. 0. Box 284, Elmira, N. Y. 


¢ 











Poor Aladdin . . . 


The best service at Aladdin’s command was rubbing a lamp and WISHING 
for what he wanted. YOU have “Searchlight’’ to help you find what you want! 


“CAN SEARCHLIGHT” SERVE YOU? 











EMPLOYMENT 
PROBLEM? 


When you are in need of 
specialized men for spec- 
ialized jobs, contact them 
through a classified ad in 
a McGraw-Hill Publica- 
tion. 


Management, Engineering, Produc- 
tion, Maintenance, Selling . . . these 
represent broadly the principal functions 
in business and industry. And it is princi- 
pally to the men and executives who fill 
key jobs in these important divisions that 
McGraw-Hill publications are directed. 


McGraw-Hill Domestic 
Publications 


AMERICAN MACHINIST 
AVIATION WEEK 

BUS TRANSPORTATION 
BUSINESS WEEK 
CHEMICAL ENGINEERING 
CHEMICAL WEEK 

COAL AGE 

CONTROL ENGINEERING 


CONSTRUCTION METHODS AND 
EQUIPMENT 


ELECTRICAL CONSTRUCTION AND 
MAINTENANCE 


ELECTRICAL MERCHANDISING 
ELECTRICAL WHOLESALING 
ELECTRICAL WORLD 
ELECTRONICS 

— AND MINING JOUR- 


ENGINEERING NEWS-RECORD 


FACTORY MANAGEMENT AND 
MAINTENANCE 


FLEET OWNER 

FOOD ENGINEERING 
NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 
POWER 

PRODUCT ENGINEERING 
TEXTILE WORLD 


THE MEN YOU NEED ARE 
THE MEN WHO READ THE 


McGRAW-HILL PUBLICATIONS 


330 West 42nd St., 
New York 36, N. Y. 
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Two New 


TRANSDUCER 
AMPLIFIERS 


Model 300 


with 60 cycle car- 


rier for static, or 
slow-change uses 


Model 400 
with 20 ke carrier 
for dynamic 
oscillographic study 





a 


For use with Commercial 
Differential Transformer 
Transducers 
Outputs for oscillographs, recorders, 

alarm and control devices 
Sensitivity,to .000001” of core 
displacement 

Linearity to 1%—Accuracy to 12% 
Response Zero to 2000 Cycles 
Stabilized, high-gain circuits 


For complete specifications write: 
216 SOUTH MAIN ST. * DAYTON 2, OHIO 
ALSO AVAILABLE—Specialized Transducers, 


calibrating equipment, limit controls and 
complete systems engineering services 

















McGRAW-HILL 
TECHNICAL WRITING SERVICE 


WRITES * EDITS 
ILLUSTRATES 
PRINTS 


YOUR publications ... 
to YOUR specifications 


TWS relieves you of all or 
any of the many problems 
encountered in the produc- 
tion of your... 


WRITERS — EDITORS — ARTISTS 
ARE AT YOUR SERVICE 


WRITE: 
Project Consultant 
TWS—McGrow-Hill 
330 W. 42 St. NYC 36 
Phone: LOngacre 4-3000 


~~ 











EQUIPMENT MANUALS - HANDBOOKS im 
PRODUCT CATALOGS-TRAINING AIDS ie 
PAMPHLETS — REPORTS — BROCHURES ie 
COMPANY HISTORIES — PARTS LISTS 3% 
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METER-RELAYS 


For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
any point on 
the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
22, 3% and 412 inches (all rectangular). 
Two ruggedized and sealed models, 
2'2 and 3'2 inches (round metal cases). 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 
Suggested circuits for meter-relays and com- 
plete specifications including prices are cov- 
ered in new 16-page Bulletin G-6, which you 


can get by writing Assembly Products, Inc., 
Chesterland 22, Ohio. 




















still can't 
find a man 
who 


| 
| doesn't know — ¥ 


there's a 


applications! 


Send for complete 
catalog C-2 


KURMAN 
ELECTRIC CO., INC. 


Quality Relays since 1928 
35-18 37th St., 
Long Island City 1, N. Y. 
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LIQUID LEVEL 
CONTROLS 


The original—pioneered by B/W in 
1933. No floats! No moving parts in 
liquid. Literature describes relays and 
starters, automatic starter and relay 
combinations, multiple pump controls, 
special controls and panels and many 
application diagrams. 


Controls not affected by pressures, 
temperatures, acids or caustics. Re- 
mote control if desired. Ice free 
electrodes where necessary. 


WRITE FOR CATALOG 


B/W CONTROLLER CORPORATION 


2200CE £. Maple Road, Birmingham, Mich. 





PERATURE 
RECORDING... 


Newly designed, Model’’1000” 
Auto-Lite Recorder gives per- 
manent proof of temperature 
behavior. @ 6” clear reading 
chart; various standard ranges 
from minus 40°F.to plus 550°F. 
@ 3 standard types; choice of 
24-hr. or 7-day cycle. @ Elec- 
tric or mechanical chart drive. 
e@ With capillary tubing for 
remote reading. Priced from 
$49.50. 

Send for new catalog describ- 
ing many styles of Auto-Lite Model “1000” 
temperature Recorders and In- SSS = 
dicators. , —> 





THE ELECTRIC AUTO-LITE COMPANY 
INSTRUMENT AND GAUGE DIVISION 
TOLEDO 1, OHIO 
NEW YORK ¢ CHICAGO * SARNIA, ONTARIO 


TEMPERATURE TWH iy 
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The P-Series have 
been designed to meet the 

growing demand for econom- 
ical precision potentiometers 
ibit-Yo Mb beMMeLesectecl-}ccslot Mm ber-ieattcel-eliog 
tion. These units retain many of 
the precision features developed 

for stringent military require- 


ments. 


SPECIFICATIONS 


ELECTRICAL P3 P 1% PiM% 
Resistance Range 100-200 KX 100-150 KR 100-100 KA 


Independent Linearity +0.5% std. to +0.75% std. to +2.0% std. to 
+0.15% spec. + 0.25% spec +0.5% spec 


Winding Angle 320° +3” std 315° +3° std 315° +5° std 
to +1° spec. to +1° spec to +2° spec. 


Power Rating 8 watts @ 25°C 4 watts @ 25°C 2.5 watts @ 25°C 


Taps Available with 10° minimum separation, located within 
+1° standard to +0.5° special 


Ambient Temp. Range 55°C to +80 ~— 55°C to +80 —55°C to +80 


MECHANICAL 
Mounting Tapped Hole Threaded Bushing Threaded Bushing 


Housing Bakelite base with Bakelite base Bakelite base 
aluminum cover and cover and cover 
Terminals Side of base only Side or cover Side or cover 
(Gold flashed on optional where optional where 
A brochure and full details silver plate) not ganged not ganged 
Bearings Precision-bored phosphor-bronze . sleeve-type 


yours upon request Mechanical Rotation 360° std. Mechanical stops available. 


523 MAIN ST., ACTON, MASS. COlonial 3-7711 
West Coast Mail Address P.O. Box 3941 North Hollywood, Calif. POpiar 5-8620 








cad your own Five Star Final on as many as 
200 pressure measurements in seconds with the 
Fischer & Porter Multiple Pressure Readout 
System. 

Yes, no matter how many pressures must be 
measured, recorded and processed—F&P hands 
you the headline news automatically with the 
F&P Multiple Pressure Readout System. 


This unit simultane- 
ously senses as many 
as 200 pressures with 
accuracies to one part 
in 2,000 or better, and 


F&P Multiple Pressure 
Readout System 


'763 29, 

1764 446 > 
‘Pere ae id > 
esee 8 


6 
3 
Poop ets ge 





produces not only typed tabulated lists of all 
pressures measured, but also places the infor- 
mation on a punched tape for feeding into a 
digital computing device. And it can repeat 
the cycle up to 120 times per hour. 


F&P Data Processing Systems can save you 
much equipment, many man hours and can 
eliminate time lag when large quantities of 
process or test variables must be sensed, tabu- 
lated and interpreted. 


Write today for full information without 
obligation. 
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725 County Line Road, Hatboro, Penna. 


MEASURING, RECORD MATION SYSTEMS 





